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PREFACE 


Tije sumtLci offer* many icdinic-id advantages oveflbe OOnveflliuiuil 
rearntratiw radio receiver, ahliough Lea worting remains lOffl* thing 
rivalry Id many amateur constructors, setting -:rd it doe* The 
proML-m L>r alignment. However, although the circuit more eftm- 
L|c\ it is still quite easv to iflldeH-LMsd and, mailer; also with the 
avnikbiliiy of pre-tunc'd if. trantformefu -ar transBIters—quile 
satisfactory alignment can often be done aurally using noroud 
broadcast stations. , , „ „ 

“Pve tr^iai Tistc*-r juperhet provides the UnuUst, neatest package, 

■i. {[ ia-j-l’, and hu largely rendered the valve receiver out of data 
except for the l.irgiT nod more elaborate cabinet models- Since 
transistor* require olity low voltagea to operate, the fully portable 
hartery receiver refers a r ecunii itiy of operation not even approached 
by any valve receiver, with the o'lher advantage that it cun he used 
invWu re and can be tkiiauvd to have a performance to milch 
In ihis book [ have treated Tilt subject from the practical angle, 
although die basisof tranilvtCf working and the design of the Yadov* 
mptrhL-t stages is well covered The twit guide, however, still nemnini 
the successful, proven circuit, *0 We have included a selection of suck 
designs, a number of which ore available lb kit form to make 
amateur eonstmetinn easy. In this latter respect we an panic ala rly 
indebted to Messrs. Milliard Ltd. for permission to reproduce their 
circuit designs, and also to olher manufacturers niciili lined in 
Chapters 6 and 7 far a similar courtesy. It is, of course, only proper 
lo mention that these circuits are for amnleur use only and must not 
be used "proFessionalLy 1 ' without permission of Ihe nri itiisftLtif s, 

K.H, W, 
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CHAPTnn r 


BASIC RADIO PRINCIFLES A^D THE SUPERHET 

Ti*e bd4il of all rudio communication is (lw Iranainisdon of eJectro- 
ujilcik cK waves through sp-.3Dr h iJsc iMtHltiedou of such wavti 
cu-Jistitutitljt traMHiFtifogi and their reception tit conversion al a 
jisljint point inlo the same intelligence oa pul into them constituting 
reception. The frequency of such waves used Put broadcasting 
nmjraa from about iJftQOC eydcfl per second (L W k iJtjtydes/socond 1 
up hi several hundred ntcgacvdes per second (I metfflCydc = 
1,000,000 cveIk), The higher ihv frequency the ]omr the h-ftgth of 
eekE wave (wavelength), and vim Vtrsfl- AJ] cicctrDmagneLk: waves 
travel with the speed qTL ighC (LH-6.D00 utile* per serand) and have tlie 
comnmfl relationship ihiit frequency miiLtipLitd by wavclenjiib 
iptsd of transmission. Knowing ihe frequency il Is IhoA 
possible in i'aleulalfl the wavelength, und vice vum T from a simple 
equation,, namely: 

Frequency (cycles pet second) = vclority/vravdfPglil 

= _jmfl OPjWQ 

WWefaQJtll in metres 

Wnwkiwfli = 3DQ,0Cn l 0D D 

frequency (tydrt pc* second) 

= 300 _ 

frequency (megacycles per second) 

In addition to (ugh-fitquefwy w radio-frequency fr.f.l wwel, 
Cnnsiderable use is also nuidc of low frequency [LF.j wtvtit THu 1 ^ 
COme within the range of sound wave* which are audible lo the 
human ear, and for that reason ate nlso known as audio-frequency 
(e.f, 1 wasitB. One of the basic requiTCTnePW id' reception* in fact,. as to 
esiract or derive from the r.f. waves detected a corresponding signal 
ai the nuseh Ewer if. which, -can then be MlpUPsed aa necessary to- 
operate an ctcctro-nieehajucnl device fc.£. qfl earphone or loud- 
speaker) and in produce an. audible output. 

The output sigtiol from she tram mi tier DOmpriaw a r.f. signa] of 
apeeiBc frequency or wavelength (nJlocnkd 10 Ihai particular station} 
on which the Audible or a.f. programme is superimposed. This takes 
the fniru of modulating the original signal for carrier as il is some¬ 
times called). In the case of Long, medium- and shore waveband 
traivsnussionH modulation is applied lo i he amplitude of the carrier 
wave, resudLijig in an actual: transmission of the form shown an 
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I'ijg. I. This w avc 1I1IL rein ins the original t.L frequency of Irani- 
mimon buL i ts nrrvpLitude is modulsled ut n_f, tn practice, of course, 
moduli] Li-on will no I be lhc result of u angle pure tone (i_c_ a single 
modulating frequency >, but -a continually changing mixture of lone* 
resulLing In a. complex w peaky rt w-avc form. Tbc depth to which Ibis 
M cufea into” the original carrier ts usually esp-ressed as a percentage 
modulation. Thus 50 per cent modulation would he equivalent Id 
varying the r.f. between. \ and J 4 times its normal (ueimmluLated) 
fowl. One hundred percent nndulatLnit would vary the amplitude 
of the r.f. earner between zero and. twice Iti unmodulated wine-. 
Since 1 he frequency of ihe modulaled rjm nC i* Mill the samc 
ttuil of the carrier the complex modulnlcd current th still a rndio 1 - 
frequency signat and thus il could nol be made nudibtr directly, 
c.g. by passing through the speech colt of a loudspeaker. Before the 
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audio content can he recovered as intelligence Lhc current must bo 
tte-imdiibtt&f isi iltt icccLver, 

There is- also anutitar form known tki ffe^ueney moduEution. In 
this ayscem th t/n^ut-my of llw cransirlicied f.f. signal Of carrier is 
vnrka in fynptJby wiih the audio-frequency modulating current. 
An lhc OibduJujiriy current nses lhc frequency of cite combi nad 
signal ll increust’d- iind vkx versa. the of I lie ligmU always 

rerun ini ng lhc lime (f ig. 2), I'requEiwy mcdulilaCrn or Lm, hji$ 
certuin advantages, buL needs Ihe use of different receiver Ecobnlques, 
Fot MliaJacCory frequency modulation, Loo,. it is neoc^iry to ua( q 
much higher ri, frequency for the carrier, so f,m. stations pfe akay* 
found m the v.h.f. (very high frequency} bunds ranging from about 
50 megacycles-‘second upwards. 

Normal broadcast radio waves ore omnidirectional, AS ffldnied 
from ihe triinsmitlang aortal, their actual strength ill any parileuUil 
point decreasing with the square of lhc distance of Lhail poirtl frwn 
the si hi rev At any one point, therefore, during brditdc^i hcmn 
there will be 41 considerable collection of r.f, Mgn.tb, diiferirtg id 
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mcngih and frequency. Each is 4i potcnliuJ sourer of r.f. input to a 
retttvicr, the first necessity being Co pick, out or tune in to the actual 
signal fediiiftd (or. Jn practice. a means or tuning in to various 
dUferem frequencies independently so that a uage of broadcast 
traniTuisriufli cun be lurned into separate Lnlellagcjioe, one Ut u Umi}. 

This 15 -accomplished by means of an a^ri.iJ coupled 10 u fwrarf 
drevii (Fig, 3 ). Technically. the latter comprises a rrsew/rf dfrruil of 


-WWWW*" 

VWWV-~ 

AA/W*" 

IfcCCtoM: &&MS 



□nc wjiich Ls pankiiLiLrEy respeasive to a r.pCL'iilt; frequency. «lkd 
Uie rL-sonant frequency. Thti El readily made pn^ihle by lhc »c! I ha* 
the inductive reacianec of a coil and [lie <ap#ciiivc renelaiVcc of n 
tapjciujr are cppasitely affected by fe equcPcy- Thlii for ■ purticular 
tonihination ed ilidueLance and capacity ihetv *ilJ be cme frequency 
Far Ufhich Ibc ijiductivc and cupaalm reacmnceS uns i?qual acid wifi 
cancel one another, Tn thiacaLe the tnlul rewtauce in the cireuil is 
Mio n leaving only die t esLininee i>r tile compNJnenIa Id oppose current 
low. 

The effect may be ilium rated grapbicalty 4 $ in Fij. Assuming, 
toi the sake of simplicity, ju.it three f.f, signal* of different frequency 
ted to lhc coil and capacitor cmihceriMl in wfHtt, the response to tl*e« 
uilferenl signali wiJ] be as -Iuimi: on the sifftph. The ndditioiui! 
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component ia introduced int* the circuit to represent ill* tcsfluifle 
of Ltic circuit. Signals I and 3 fed into the circuit prodiKe a relative^ 
snuili current Ln ihesrcuil because in nddiliuu tn Iher^iltincc fl 
the tt&rtllWM of the capocilar and coil incfrase the effective resis¬ 
tance 10 flow by many times, 7l>e frequency of fiesin] hewever. 
corresponds to (hr rraonnnl frequency « L and < ilne pia*fi» ol 
rssstance docs not aff«t (he retownt frequency). In tbu cb&t ! «lty 
je gffiAittisUnx to current Row, heilcu a strong current is proditfud 
jn the circuil, The actual Current levs] hill depend on ihc sticngih at 
llK signal and the actual value of high as ,il A if r( is small, 

»r nrogrcHivdv iLHwer U or C with incrcUtingLy resistance. 

Such a resonant circuit, ihererorc. is elTeciivc in refecting a parth- 
nJur rretiuencv ciirrcsponding lo the resoiUuli frequency Of i- and t * 
jjid efTuclivclv rejecting nil other r.f. frequuncics. Alsu, by muting 
one of die compimcnts variable in, value (e.g. Cl. lh* resonant 
Frequency can be altered. (hus punditing tunica to different resonaol 
frequencies as requited over u certain range, fhfi itaipnrrt oJ the 
resonance wilt Laigelv depend rti Uk value of ihc intermit resistance 
Jt: the higher R the flftller the raunwit frequency curve ukd'hoi die 
less (he ability of (he circuit to discriminate between r.f. sik 11 ^ 
different frequencies. I hus shurptteM or selectivity is an important 
faetnr in the design of luwd circuil* for radio wOFk 

Since hi frequencies below nboul 23 me f cycles ■ second the 
internal returnee is pnttdeaUy wholly in the coil il« quality f*SV* 
or Q of the lulled ciitttil fct dclmnlOKl by tbfi Q cif Lr-t to\u n* its 
ratio of reaefeMc to resistance. jU 

As an alwraalive to senes cnrurretioo nf L and C the pa*^ 11 * 1 - 
resonnnt circuit of lig. S offer* certain advantages. Selectivity 
characterisUcs are similar except lhai where the scfics-ru-ionarit 
circuit results in minimum voll.ijje across L-t- at resonance, tine 
parallel-resonant circuit gives npreimiun voltage across LA a.t 
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resonance. In both cases, however, the required values or L and C 
cm be calculated by the same formula. Thus lo tune 10 ony specified 
frequence/— 

f-m ze* 10 ' 

ivhere/ = Requeue? in kilK^ttes/scccrad 
2* = G-2S 

t — inductance in microhenries 
C ■— cipii^icaficc in DiicRTfflJefcfarnda fm*/) 

Having Bchitved j method of leering a ^rriLbtir r.f. rignfl! In 
Uk tuned cireiul eE it clucri fiKcssacy lo Uuifer this to a further 
is r.f. Input where the fl-.f. modMlaliou i* c^tra^tctl from the r.f, 
comer. This -stage i % mIIkI the dfererrer, the rt^UaKJnculs being lo 
convert the r.f, anpuL inCP unitLirectionaJ current, the imptilude nf 
which will van 1 al the ICimt! fa in as the arodulatidn. In efT-erl, this 
deimiwls rcelificarion,. wtuch fn iKrion cm be pfffouwd by a HinpLc 
iliude In the circuit shown. In FI®.- S. Tl^e xeiisLunce R represents the 
Inad c-r compriEieui (or neat fULtfO Ec> wbirtcK deteriM it appliod— 
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which mQi 1 be limplv headphones in the case of a very simple cLicuic; 
ar an amplifier &iage to boost I he deteeced u.f. iiGiiul for grea^er 
volume or Lo Opcreie a ipeahcr. The output fcom Ihc diode consists 
oF a mb:lure ora.f. and r.f., e.g. b rndio-frequefl^y component at the 
signal Frequency and a dbaEt-curmil modulated lit u.f. Ln identical 
manner to the oripnGl modalstion applied 10 iJie r.H carrier, 
hetttivess may vary in contptcaicy From a simple detector MUpW to 
the tuned circuit to multi-stage layouts having amplification, al sevtrjJ 
diflVreUI radioTrequcucirs 44 uidl aa audio-frequencies, If ihe 
detector is. preceded bv one or more tuned r.f. amplifier stagei il i* 
fcnouai A? a Url I tuned radio frtqu*IKj) receiver. The super bet 
receiver* on the other band, employe r.L amplification nl a fixed 
intcnnedLo Le frx-; |’.iency ns well as al the frequLiKy oF the signal 
jlself. ifie Latler wiflg converted by the heterodyne process to an 
intermediate frequency (sec page 17). 

Whilst each stage in die receiver constitutes a separate unit 
performing a specific function, succeeding stages must obviously lie 
touplod so dint the out pul of cne stage provides die input for th« 
sat, am! so on. The drtnrit defining energy is called the primal^ 
dreuit tod that receiving energy the ieecndary circuit. The energy 
may be practically ah dissipated in the secondary circuit itself, or the 
secondary CiTfuit may simply act na t medi.iin through which the 
energy » (rtdllhnd to a Load resistance where it docs work. The 
former is (he normal arrangement in receiver*, 

Coupling rruv beucccnipILsbed by using a ctremt ekmeni common 
to both primacy and secondary cireuils, e.g. n CCmotMl cap*ci1oe f 
Iflduetanoe or reniator, oa shown ip Fig. 7, This is known ax direct 



cosiphng, the degree of coupling becoming greater as the reactance 
(or resistance) of I he common clement is increased relative to the 
remaining reactance* for resistances) in the two brnnchM- IT both 
Cireuils are resonant lo the same frequency, the common impedance 
(reactance or resistance) required for maximum energy transFer is 
usually quite snuiil compared with the other reactances in the 
circuiL 
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Capacity cnifpUntf |i shown in Fte. fl. The- of eoublirag 
incTta&cs as she eapariiy of ihe coupling citpfidlor is ineneas-fisd (re- 
suiting in a ciccn&ii-&e m iiraclancv). Again wbete EWt* resonant 
dreuits are being coupled by this means the capacity required for 
mucLmuni energy trausFer is quite small if the Q of the secondary 
circuit is al riH high, e.g. typicaUv of the order oF a few microFarada 
only .in high frequencies. 

A nicrhod of coupling wilhanjl physical interconnection is provided 
by inductive couphnj (Fig, 9). Inductive coupling with a isu-nc^l- 
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steondary circuit is ftmqinifr used In receiver circuiti for coupling 
between cqitdl* whep the tunJfyt musl be varied tv resend Lo 
signals nf d idWriE frequency; I he coupling wilh tuned mpul lk 
pankulfijly ttScFul for coupling r.f. lo a resistive toad. A double- 
tuned, eiecuil ass more useful for coupling fixed frequency FLuges (e.g. 
ajnplifiersh 

Wilhi cijiht ccupling the effect cf inductive coupling wihere one (oi 
bmJi) coi)(is'i tf untuned is very much the same at if the untuned coil 
were tapped on lo the cuned riretul. Thus an^ resislmiee in the 
ciiLujt in which the untuned coi] is connected is coupled into the 
\nn%d cinmit in proportion lo the mutual inductance-. In effect this 
JsmJ* to increase the sertea resiEEance of the luned eircuil and thus 
Iuivlt Its Q value. These circuits may, however, be used Tor im- 
ptdanec hi-nctiing by adjusting ihe coupling und/or die number of 
tiaras in ihe untuned -coil 

In ;i ti.i&ii[iLr manner, any reEctancc in the circuit to which the un¬ 
tuned toj] ii cMnected will be coupEed in co the Cuned circuit. Thus 
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any vnrsuLLoft of coupling can require refcjj-lHtJP*^ of tuning in the I 
i lined dreutE. 

In eIk case i?f a tuned primary connected to a tuned secondary lie 
ovcfilI] cHed is iflorfi complicated., allbungh iheif cfFcct cm be ren- I 
dered negligible by loos* coupling. This also provides a means °*f 
yarding ihc selectivity or a paii of coupled re&ifuint circuits by 
changing the coupling heiwocn them. 

Since both capacitive and inductive coupling may take place 
oradsnudly owing Lo pioiriitiily of compuncnli in a practical 
dreuil il PLay also be nrettSKy ddihufaiely to pn nmf Coupling. 
Stray raruicldve coupling is usually prevented by enclosing lhe com- 
poueuESlikdv to cause this condition in a metallic contiimrr of low 
resistance which is connected to earth pulemial. Lines oF force which 
would otherwise provide capacitive -coupliilif with neighbouring 
components are Chen short-areuited and constrained within the can. 
In certain cases compleie circuits may be enclosed within a grounded 
metal cover For the same purpose, hfagnetic coupling CM usually be I 
prtrtnted hy metal plates 01 shields creeled alongside I he ulfenJing | 
Component or between two components llfccly to suffer from inter- j 
ractioft. In this case induced cuitvitts pr-aduce eddy currents in ihe | 
shield, opposing and eilecGsvrly restraining the magnetic fi«ld A , 
&hjdd wi 11 however, only absorb llmt pari oF the magnetic field 
which il mlernap!* and thins sources of radiant fields (e.g. coils) need 
completely enduing within a shield for M llFroiind ,p shielding. 

Cn the DonvenEimi:L| regenerative radio dreuil die incoming rf. 
SagtfLi] is fed to a tuned dreidt, the output from which at resonance is 
fed so a detector 4 i thJ 1 hence Lhrough one or mure of amplifw I 

otion,. os required. One uf more r.F. araplilicr stages may be added . 
before the detector stage in the Lr.f, circuit. In both wUe* the ^snai 
is rttdnd at radio frequency by the ^elector, die oulpul of wlueh is 
an aT. signal (Fig. 10). 
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The Superheterodyne or iu«rtl*E receiver works otl a somewhat 
daftVreflt principle, the Incoming r.f. signal is picked up by a tuned 
diruit in the normal way bid is then combined with another high- 
frequency in a mb err or vumtrter stage, the output frotti ihis stage 
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a "beat” Frequency equal to the difference between the two or 
frlrrm&tiai* fi&ptney. This signal is then amplified (by one or more 
^[.iofa.f. amplification) before being passed to Lhe second decctcor 
s[: , uCi where the modulated i f. is converted to n.F. and subject to 
further singe* of amplification. The second high-frequency signal is 
gEpensEod within die receiver itself by the h f. osdlbituf or JVW 
applied to the niixer, A W ocw diagram is shown in ¥\$, t l a 



Fig, 11 


where it wLLL be noticed that r.f. amplification can again be applied 
after the tuned areuit, if required. 

The priodpal advantages offered by the Eupcrhet are that the gam 
and selectivity obtained from the intermediate frequency amplifier 
do not depend on |Jtc frequency of the signal as they do with 
■■’straight" receivers. AJm the IfllermtfdiRl* frequency can be mode 
lower than lhe figltfl frequency. Mailing in hip^r wkfft gain and a 
□arrows naponys curve lli^in js possible at signal freqytfiiey. Again r 
loo, ssoec lhe if L DinpJjhcr is dealing ^3ih a c^ushml frequency it can 
dispense! wilh variable condensers, redunng lhe risk of unwnitted 
feedback and generally nuking the reewer ins cnDciil in, deugn The 
main di^idi'anlages are the higher cost of such ■ circuit and Elbe 
□ecratcy of achieving proper aligumenl. 

Muse co-mmcrctal d-omestin reoclvers are of the superbet type 
becouju of the superior performance offered and, although ndher 
more ttfmplei, the Eype is equally suited Go amateur coastruclioiL 
Tl^e usual [ulermediate frequency employed is between 450 and 
475 kc/j (470 Jte/f is more or Jess siandord in this country) and Lhe 
Lf. amplifier is luned to lhe specific i_f. employed. This i.f. ampblier 
employs one or more stages of r.f. amplification with fixed 
luiiinjj, A little thoaght will show thut Go "feed 1 " the i.f. amplifier 
correctly it will be neocssary to vary the local osrilintor Lu sGcp with 
the turitfd circuit. Thus if the receiver Is designed to tune over a 
of from, say 1 Suti kefs to I BOO Jte/i and the inGermediaGe 
frequcji^y ts 47D kc/i w tbeu the oscillator frequency must rau^c La 



























IS KUdia AND CDNUilUCtlON OF TRJUUSTQH JUPflHiti 

itep vh'ith ihe tuned circuit from BOO + 4TO = IS - ?® kefs to EBOO -+ 
470 -* 2270 kc/iu E^yaSly, to produce (he same Lx. frequency re- 
spouse (He Local oscillate could be set to Lab by Lbe i.f.; 

800 - 420 = 330 kef a 10 I MM - 470 • 1330 kef a. The resulL would 
be Hue stunt as far as (he l.f. amplifier mi concerned. In practice, 
hnwerer, it il more usual to establish the local oscillator frequCQCJ 
above the signal frequency (H*, 12). 



Fig-12 

The converter thus actually receives two frequencies of r.f,: the 
signal frequency which can be designated ft and the local oscillator 
frequency/,. The folio win* i.f, ampLiiier stage is tuned to a G*ed 
frequency of f, - ft =*/*, the Intermediate frequency (or/, —fa ~/i 
where the local Mediator frequency chosen to be below the sigtial 
frequency};. Anil it is the purpose of the eonvertet I* supply Uu* 
particular i.f. ai it! output by a process of frequency conversion. 

In racl, any h.f. oscillator frequency will cause t.f. response at t wo 
fcifl.ftQ-1 frequencies, one eqii£] to / a infriw f r and ^ ol ncr tq j al lo 
/, pSui ft. One will bt tilt real signal required, c.g. the cCtmt value 
of/, for the station wkctcd, whilst the other is an undesirable s/mage 

“^clarify this by a numerical esaniple. Suppose the desired si glial 
frequency is BOO kefs and the intermediate frequency is 450 ftr/x, 
wilh the local oscillator «t above the input signal frequency. To 
produce the necessary Lf. output aL BOO kefs signal input the local 
cfldlktor will have to be set for 800 + 450 • t250 kefs. Exactly Jjhe 
same i.f. output will be produced, however, if U 1250 +.450 — I7w 
kefs Input signal is received strict! [he result of voting will :icxin. h>£ a 
frequency of 1700 - 450 - 1250 kefs. An essential folure of satisfy 
tory working, therefore, ii good xeleesSvk? in order to- reduce tht 
response (O image signals to negligible effects. 

The MEnal-to-imagr rutio, ur image ratio d$ it is usually called, 
depends nit the selectivity of the r.f, tuned circuits preceedmg the 
miser of converter. At the wirttfi time the higher the intermediate- 
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frequency the higher the image ratio, since raising the i.f. increases 
the frequency separation between signal and image and places the 
Eaiter farther away from the peat of the resonance curre* of the 
signal-frequency ciecuil*. 
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TRANSISTORS 

Tkatottou art comment)- omridcmd to be iHh? raedcnii alternative 

10 the older rndio vtilve -or '"Cube" as il ii called in Ameim, which 
suppcoition is far from being cermet. In a normal radio valve the 
current Bom through -a nenr vacuum! necessitating that Ihe valve 
elements be enclosed washm a sealed and evacuated envelope, -end 
ihe Row of electrons on be controlled by inserting one or more 
grids between Ihe anode and cathode. The controlling influence ii 
modifled by the nuinher of grids pi went, and their ctKfin^tioit, 
giving rise to dirtbet v&lua eharojzierjstecs related to the numbtnr of 
grids, e.jt. deed? fno grid), triads jp-iid), tetrode (iwc? arid*) nnd 
pcnLLid? (I hrre grids). General km of elpclr-ons depends on the hen Bing 
of the cathode or bhimcnt (also culled the beater) by a separate 
external batterv fa L.e. one distinct from the main source of current 
flow through the valve and source of potential applied to the con- 
trolling ends. 

The transistor differs in many ways. Basically il is a crystal nnd 
thus current carried by it Rows through a solid. It is not nacestary [ £ > 
enclose tbe crystal In an evaluated container and ihe whole device 
cun be made much more compact and mechanically linger. 
Abaente of indivkhjid component* ^upended in urs open tedium! 
nisi i means that Lhe IrhtttiMOf, unlike lhe vfdvc, ii non-mittupheiiite. 
A further difference If ibnt a Irau^istor requires* no beater battery 
and only moderate to low functional voltages. Compared to a valve 

11 is less subject to- deterioration and failure, and is badcaHy free 
from, " furm ™. At the same time the transistor has certain inherent 
limitations, notably sensitivity lo tight and brat. The Tenner cam be 
ovrrcomr by enclosing the transistor in a lightproof casing. Sensi¬ 
tivity to temperature cannot he overcome completely, calling both 
for H fiiabLlized" !S circuitry and Limitations regarding maximum 
ambient temperatures for satisfactory working. Tins can effect 
assembly (soldering and mounting position), and air temperatures in 
UK 

EltcIfontcaSly, too, transistors- have ratings which axe absolute. 
That 49 to say, rf these ratings are exceeded for any 1 reason the clmult 
wijj be prone to unrdiabiBty and early failure. This applies piTti^ 
]af[y to the newer types of transistors where the ratings are reolMc. 
Willi older types rather large safety factors were comiDMLly allowed in 
drawing up transistor data and such transistors oouU frequently 
be worked well beyond stated limits without damage. 

Most iwtum are of tbrcc-destiode million conitruction 
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Mrmjagn in effect, u sandwich in which tbe central layer, known as 
!- v . . is very thin. The two outer layers comprise the emitter and 

ofti: W' The alio^dlTused transistor is the Sac a type and 
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has better (more stable) higMreqiitlKy |KiTnrpissiiM than the alloy- 
junction type. Since Lhe Inmastoi: efcnKfiti (hcmselvLi* are invariably 
cudjtittd within a can or envelope lhe only identifiable ftatiim are 
the lht« leads and the lype number printed on Che cun. L in: lead* 
emerge from ihe bottom of the can ^ifelinc” (typical of older types), 
ot nnunK-d Lfl the form of a Iriangbe (Fig. 14). Lo the former case I Ik 
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collector lead 1% indicated hy a coloured dot on the side of Lhe can of 
edge of 1 }ui bitsc. and tan ho farther [denc:fied by the fact Lhal it in 
spaced more wsdely apati lliao the other two leads, lo the case of 
Iriangular aTrangemmi:* the coQ«tW i* unpin marked by a while or 
Coloured dot near il (or Ofl the xije uf tbe can), whilst emitter and 
base lend? are closer tOgptfw than c!m tolltetor is to dlber. Il is 
particularly importanl having Idea Lifted the collector to note 
dearly ihe identification of iTlt Other two leads as they always 
follow i|k wtme respective position*. lit other words,. only the collec¬ 
tor i H marked for position, and which t>f che remaining two is the 
emitter and base can be worked Out (tom this. The exception is tbe 
Power transistor, which may have i?oly two Leads which will be 
marked £ (for emiller) omd if (fhT base) nit the boltonL In this caw 
the collector is riectrically Connetied incetiudly to the base and the 
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coUector connection \i made tci A lag which is held la contact with 
■lw Sop of die mounting b&te by one of the mound ng nuts. 

Tttfinitore can he P-N- I* or IN-P-N, acwrdim m the doring of 
iKe emitter, base, and collector materials. 1 The majority of Iran- 
■ittors produced* in thi* country at less!, ;ire of the P-N-P typo. 
This means (hat tEic positive Euttcry Ripply will always connect t& 
the emitter and flegalivc supply to the collector. With a N-P- N 
transistor these polarities are reversed. Regardless oF tianslitnf type, 
however, ami urcdl configuratum, cd lector and base tnuil always 
be coniiettad Co the same polarhy* which will be opposice (o the 
polarity applied to the emitter, 

One ol the principal UillbrenoeE between a transistor and a 
lbennionic valve is that the transistor has a etscnpAndivEly low input 
resistance (impedance |i and is normally current; driven from n high 
source iaijhrdaiiCtL The llicnnionie valve, by comparison, has a high 
Input imr^duntt imd is voltage driven. Thus char-acteristic^ Of 
transistors are usually ^pressed in Lufcns of input current and tbwe 
of valve* in i turns of input voltage, with the transistor regarded its eL 
current ii mpiihcT. Electrically tl-n oil I put cbarocicriseiEi of a tran- 
siator 3re similar Co those of a pentode valve, with a characteristic 
u lfne?" ! and o high output resistance. The knee voltage is usually 
very low with Urtniistursp however— typjeaJEy of the aider of 0 2 
Volts, as compared w-iih 1 typical knee voltage rtf about 30 volts For 
jl pentode valve,. This means that low supply voltagH can be used 
with transistors whilst, retaining high cifLekflcy. 

To derive input and output circuits from a three-electrode d*v]c* 
one '.‘■Jc-jcui-iEl- rnuit obviously bccftnini™ to both circuits, with three 
such ahcnmiive -configurations possible, Those ore usuoJiy referred 
to by the common electrode, u,|, cMtmxm {or grounded) boso, 
oomrOM emitter, or common Collector (Fig. 15), These may be 



compared with ihe three basic circuits for «a iriode valve—grounded 
grid, grounded -ttlhdde or cathode foltowef (Fig. Id). 

J ?«■ Sf&trucliDni iff i^V-vr/Fi-JV-.- , r ut , Mnftmtiim hf R. H Wircint (Museum 
Pri«i] for a licnpte uplnmtii^n 4 H Li mniikv Lhcop,- ind wwfcfcag duu*LlIcmda. 


rn a n sis t nn a 
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Of the three tranfilslfir dreufta the common emiiter connection ia 
Ihe most widely used, stnee this provides both high current and 
voltage gnin, and Lhub high power gain. Another advantage is that 
the same battery con be used to provide botb forward and reverse 
Enas. The common base configuration provides high voltage gain 
with a current gain of approximately unity, li is not often itssd 41 
a.f. but Its low input and high output impedances are useful in some 
circuits (E.&. for picaiuptihefs and with ninviqgHcdl itiitri'phone* to 
lake advantage of the low input Impedance dtAratkriidfij nr For 
Feeding info valve aniplffieT* 1o like advantage of thr high-output 
Impedance- GlMfVCteriiifc). Thc i common collector coniiguration has 
ihcdiaracleri^iu uThigh Input impedance and law output impedance 
w'ith high Current gain. It is not widely employed bul may be used In 
-'buffer" Mages, or possibly to replace a trunsFormer. 

Tr^sistoi 1 chajuctcristics are normaLly specified hy a scries of 
otiA'es pr graphs covcnng static d.c. pciformance. A,c, characteriilics 
may then be derived or calculated from these at particuiar working 
pointf, In more general terms, Ihe quantity alpha |>'l n dcflagil as 
the current gain oF the transistor wniking in coninma ha^ cm - 
Bsufatinn; and heta (h) the current gain when Operated m tile 
common emiitex eonfigyratiun, The value nf i il idwftyi shii'iilv 
Itss than unlfiy, wherein valuta of p. n^ay tan^ ud to 100 of more. 

Ti To!lows that with a oommon emptier citcuil the curreitL gnifL 
be calculated as a/I —a, ALwip if a is Ihe senefal srtdbal Tor 
frffector current divldc4 by camitee Ctfrh.-ns, end a.' b the symbol 
for coLkeior crcraU divided by bue airtetit: 

**=■/(!- ■) and *=-Y(l + □■! 

A graph nf typical input cltaraCtLTPsiicis h ihown in Fig. 17 Tor 
both oommoi-i emitter *ad 00mrivon b:ate configurations. These 
ehajwutrjsiie eyrvc$ the bas^ cufrenL Ip ploUed agab^rt bas&e 
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H*. 17 




vd(DEt F* {measured between baw and emitter in a practical 
annul and Em'pfie correctly designated PW), 1( wtH be noticed that the 
input cbarncCeTiSEk t* iicn-Linear and alio iJiac the input resLstarKe 
depends on the current at which it is measured. Thi* 4 one reason 
why the- Inmsjstor is riOffPaEjy tLrivcn from a current father than a 
vcdu^gc source,, using -i sunn;*; resistance Earne in compRriwn with 
the inpult resistance. If the HUltc resistance (impedance);!* DDl hii gh 
eooush to swamp Ihc varying impedance of the transistor uftdet 
drive, then cousEderable distortion wiU result. 

The graphs of Fig. IS show typical transfer charnoterisEicS,, Of life 
ynnHCinTl of collector current (h) with base cuneui {/*), For dis- 
Eorlioo-free transfer this curve should be Itoear, Note partkaliirly 
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die dilftteiKt: in current ampUfinillion produced by the (wo circuits 
^Itigh in the case of common craitler coiLfigiifaciCui cud stighdy 
ttefl than unity with eons^fl base. 

This method of showing transfer characteristic! is usually pro* 
fcrn&d to plotdns f € a^iinsl Va and de[ejmiiiifi| die slope of the 
curve {which would be directly comparable with tne mutual conduc- 
fMe e M determined for Lhenniook valves'), 

Slade output dmracLertstici of a transistor are ncrmallv given In 
ledtis of coUeclor current (I r ) plotted agumsE collector voliage (IV) 
for u range of base or crnicler turnsole as id Fig: 13. In a pnflofiAt 


Fig. 19 

eixcirit V t would eomipond to the voltage nwamced between ihc 
collector and emitter pV^ These curves show a eh^rwerisdc knee, 
with, a high output resistance above the knee volume. In the-common 
ciiiiElex ciecuii ii will be noted (hat with «rfl emiCEer voltage (i.e, 
hare open dfffllited} there ii still a smalt flow of current which is 
known as Lh& (collector) leakage cumin L JVt?. 1 he vatue of which 
Enccrasta slightly with voltage. It is, btfWtvef, usually small—E.c_ 
the order of 100 to 200 micrcampt, I hc chanicleristk leakage 
current is even smatler in the case of ili^ common bare rimilt—c.g F 
typically of ibe order of 5 microa-mps, 

Static d.c. performance curves arc mainly of use in establishing a 
milablu working point for the transi.vlnr. A.& rbaracEeristka arc 
normally rendered in terms of hybrid or h pinvuneLers or r parameters 
for audio-frequencies;: or by" y pammeiera for high-frequency 
LransiBCLUs. A description of the method of designating these 
chyinanities and the malhcniaiJca] employment of these para- 
racicrs iv curt of place in this present bo^k and further works on 
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traEl^sBCOT' theory n nd ptfrfondanoe should be studied for a comptsla 
raplnnallon. 

Mention must, however, be made of cut-off frequency which Li 
the point at which the current ampEiJiealion factor foils to 3 rf£ or 
below the zero frequency (it a tie) value. Hub is usually design : 
□a$ed /i {for common base circuit) or f * n (for common emitter). 
Current amplification is. in any cast, dependent on frequency and 
the rate of laU-olT if affected Licuh by [be lypc of transistor ajidl the 
circuit Hfi^rmjpn, The comment h^$(r e-orih(tir*UcHn KCiicraHy 
eives ihc better hjjji frequency pcrfeNiufiBince for a |iwn Lrfindator 
thfili it\ wmmon emlUcr confpgurnHioii, i.e./a Is usually higher Ihnn 
f* The quoted mC'Ofi 1 frequency is usually an aiWinuy figure in the 
sense chat although the current amplification has fallen to CF7Q7 
timet Its static value the transistor will slilE go on working at even 
higher frequencies (with further reduction in current amplification 
and a general spread of transistor ebaroeferlartcs}. 

Comparison of performance in general (erim, with the three 
different configurations, cm he tumihfirfKd a* follows.; 


Current pmn 
Voltip ffijn 
Inpiir impedance 
Output impedance 
Poiifs gain 
Cua-ofTIkijLieiwy 


VDltmpi phase diin 
□1 mr fmi£U[mcim 


Camnmrt 

Ihi rhflii 1 
hiflli 
low 
hilih 

iiK-Ji'jin 

IlcIl 


mNFlfiUltATLOtl 


CrMumiwa 

Kmirjff 

high 

high 

medium 

ili'.-Jiuni 

high 

Unw 


CTi^mfSHUI 

CfliktUP 

hlgii 

letsihsD 1 
high 


vxrici -with, Diilpul 
land mimncc. 
but generally lour 


approx. .’.era jppruK. ISO* .ippinx. 7urn 


In sity proclinJ drcult d.c. sea Wiliam ut it pfitiicutarly imponuni 
bKAUtt of Ihe eflfetiof Eefliperalure ort the 1 operating: charactensties 
of i trunstrtor{Uftd ftius lbe possible variations in collector currant). 
Thus bias is normally applied in a manner which prevents excessive 
shaft of the d.-c- working point. Without sufficient stabilization there 
b the possibility of a wide spread in input and output impedances 
of the transistor, a risk of overloading the transistor a! high ambient 
temperatures, and also the risk of ■"thermal runaway" (although- the 
Latter Is usually only significant in high voltage and or high power 
atagea). 

In the common base configuration Lbe base can be biased with a 
constant emitter current by making the bias voltage (applied across 
the emitter and base) large in comparison with the Input voltage. 
The two equations governing the performance arc then 


/e ■= Idt, + K r f| 

j _ bias voltage — input voltagn 
emitter resistance 


TRANSL&TOlO 
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With live common emitter circuit the translator ia biased with a 
tcnJlanl hasc HtrreiU ailP^c the haitefy voltage U large in oom- 

? orison with the input voltage, bul the resulting d,e, sEability is poor,, 
he correspond i ng pcrlurmance equations are 

^ _ bfilteEy voles — input voEti 
* baas resistance (Wlmy to base) 

+ <7* 

Somedtgrt* oritablhralion can be inErnduMd by using a collector- 
hqse feedback resistor, i.c. the base resistor is returned to the 
collector end of iinother resistor instead of battery, the other md 
of [his resislor connectiog to bfittery. With reslstance-cap^icy 
COupEing this resistor also supplies ihpd.-E. feedback and no addhkmal 
components are required. However, there weLL also be a^- fedbuck 
unless the sLuge is dccnup&uj hy u capacitor from approsmefilcfy the 
middle of Che base resistor to the buttery. 

Oy far the more usual—and satisfactory fiitunpattent is the 
emitter-resistor ami pokntial divider drcuil (F* 20). Kent the input 






H*. 30 
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voltaic is determined by lbe value of lbe cmltr-cr peshior JU, in 
conjunction with the ptsttntial-divider Jtl-JQ MMttDfid across the 
haEusry. Any it \%in emitter current causes a large volluge drop 
across the emitter reMsCor and reduces the baw^mitier voltage. The 
base current 1* thus redured and in a maeiiu»r compcnsaSing far the 
original cbanRci The feedback depends mi hnw constant the bast 
po^nlial can be mcsEnlniiied during change rn bore eurrruL, and the 
^lue of m (the higher the value of R1 the besrer the stabilization 
provided), Tlw value of R2 depends on how much of the 

mttle^ VEdlage Kin be dropped across ft. The minimum values of 
«l und Rh ure determined by tht eurranl which Rl-RI can be 
Showed la draw from the buttery.; or alccmriCLvety by the amount of 
*JN| Lbe incoming signal wfii*n rexivlanCe-rapadly coupling Is 

In lame circuits a modified form of Ellii circuit is used with R2 
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replaced Iw a thenniitor, or paralleled by a tbsm&ar, ^ich il | 
basically * device wbflfE naiblnnct vorirt v^iih rempcrai/ure Thus un 
n Lc ihuMuJstor hn% mcgalive LLnnpcraturc t«sTidenl (railing re^ifl- 
isiree with inisreflK in ttrsipcjatohi); aod u p.t.C. ihEnniiraT a posing 
lemperatura cocBkiFtit (iwntKiltB ™ 'I™* 3 “ 

tcisipcralurt). An iut.(, thcrniislnf feplpcinn nr paraJfclmg Rl is 
ihe more common type used to provide bel^r mahiLzatum. Com- 
plate compensation ovtiK the whoto lemperalul* range cannot* 
jiLiii'Ct er, be provided by a iherraisuir.. 

K^commended values for jftl, fi2 H .flii and. the tpUcctor resh n t 
for iiftMii* employing the OC7L transit are summarized ib «» 
tBbde flitch follows. ValQW W given for a range <'l voltages Iniai 
I -5 In 13. and for two method I ol coupling: (i,c. rcsistancc-copiiOty 
coupling nnd iraiufiirmcf cmiplihsj. Maxirmjm operating irmpeni' 
turc for Lhi3£ tirndii weuld be 45 1 ' C„ (113 F.X 
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ClDlbclot 

Rl 

ClUMlt 

rniUliamp*) 

R- 

Q-S 

]H 

US 

31 

H) 


3-1 

2 2 

L-3 

£2 

L-5 


1-0 

ft! 

M 



R2 


11 

T9 

30 

ID 

LO 

IQ 

IQ 

10 




JL 


3 3 
3-J 
21 
l»5 

2-7 

W 

4T 


H 

3 

4| 
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O* 

0> 

3-D 

Jfl 


TTinxfamiEf Caplin* 

41 W I 

!! Il »4T 

12 4-7 1MT 


primary output 
framfiimiifr 
(jfitsJ) 

2 DO 

am 

an> 

aw 


NOK! fc-C ctnipliny: would uec iKinnnlty be at vDll*lF* below . 

A basic ttudHiA amplifier stop? is shewn In Fig. 21, whidi use* 
only one bmtcry tn petrtib* the bias voltage to lie lT»nv.stftr^ the 
Vld vaJtmrrf being provided by the vflll£®e dMpa across mSiSiors fll 
;i mi FP The values nf these resistor:, are chosen so that I he current 
flowing through ih* potenbal divider fomwil by ill and R2 * 
considerably Lirger than line base current of tHc transistor: (.bus the 
bate potential remains appreciably constant regardless ol variant}oi 
ih base cuiwnt. Resistor « is included in die circuit K> preside 
stabilization—i,C- redact tbe effects of transistor ipredds with 
changes in temperature, Any inemtte in the emitter current produce* 


tAANsiSTdna 





a large voltage drop ectovt JR, which coitsequemly reduces the 
bM£-™illcr voltage m cninpenialc, A Typical Ylihw for i?J If of the 
or>jaf of 1 kilnhm. WtulsL prtm-dlng d.e stabilization it is -also 
ni'ipV^iry in il prncticjl circuit to provide- dccoup-Lnj to reduce c.c. 

fecdlwlL 

TN ccHuplins cap^dtance for a typkal siagr can be conndtred 
Ed- N connected between die mpul rtE-iblance R i7i of the following 
tLnse iiiii.l the s-iHirce rnlstEneti nf die pre^edi^g htige R*. R g Lh 
formed by IN ooltedDr Iwd (flV) in parilWI with thn high output 
misEiinM of the tmuiOor, In pfneiiee Rm will be npiwojtlumtiEy 
cquiil R c * 

S he inpuE resi sranw is lypic:illy of I he df I Vi ldbfn and the 
collector li’-nd regslJince aboul 5 Kitohm^. A TypktJ theoretical value 
for u coupling capacitor ■■vcijld iJien be- tif lh: order nf 0*J micro* 
farads. Normally il higher value wuEd be used tor improvement of 
lone quality—e.jr. anyLblng; between 3 and 10 micnjiainds This 
would be an electrolytic capacitor wbea correct polarity is Impor¬ 
tant—iN negative side of tfie capucilor DCimvecLing to the collector 
of the preceding transistor nnd the positive side to Ihc base of the 
following transistor. 

Values of JM aad R2 are usually low. There, together with a high 
value of ptmluec, eifeccLvcty, a common bore configuration for 
the trajtdsCoi', and eonsequcmly high stability Stability will decrease 
with incH^ing values of R\ and R2 and decreasing value of JO. 
If R L aqd fit 4n= made large, for example, and A3 suiall, the eireuit 
it effectively IN common emitter configuration with poor atahility- 

A iypiciil Cltkw A iiinplincr stag.e is shown in Fijj, 22 p involving 
IN sajnc elcmetlEs 4nd wn-tidifldoni as juil desctiNd and with 
tninsfcmticr DOUplifttf the input and outfHat. This is typical of a 
ilniple djudfo-affipllwr which is used where current drain is not 
Tmportan[ p bus Lea eflfciemy ia relatively Low (ujbder JO }^f cent). 
A OaM & uLLtpnt Rt^gc, wiLh push-pdl operation, gives a much 
kightr iNoretical dkterwy {7S per cent) with a low currenl drain. 
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Fin, 12 

It is. therefore, uKiiiilly preferred for receiver circuits designed to 
Operate d£F dry bnticf ics. 

A basic class 0 output stage is shown in Fig, 23 r Mas vel rages 
being provided by If I und *2 as before. milt JO added to provide 
d.c, stabilization. This circuit it, however, subject to "crossover” 
distortion if both transistor* am biased Madly to culutfF. but this 
can usually he eliminated by adjusting the value of Ifl (or fll], 
usually bv trial and error to give * satisfactory quiescent ament 
through the WO transistors. 


F5 Er H 

The alternative circuit shown in Fig. 2h employs a single-ended 
rather than b transformer output, with a high impedance speaker 
providing the matching load. It is often preferred in receiver designs 
since it eliminates one transformer and performance is identical wir L 


thAMrSTOfca 



that oF the circuit shown in Fig. 23 provided the voltage of each half 
of the battery is equal to the supply voLtage of the circuit of Fig 23 f 
t.e. normally demanding a larger (higher village) battery, 

Basic del ads of other transistor circuits appropriate to'th* various 
stages of a superhet receiver are described m Chapter V. 



















































CHAPTER ||1 


PRINTED CIRCUITS 

The printed ctreuil has \klmmt entirely replaced “wired-up' 1 circuiKi 
For all new designs u3‘ tftdio mcftiv^fs md other electronic device^ 
and jfi -particular Tor minuiLur* arid inb-mbiuiture MWfnblSe*. A l the 
Hint# Lime it hss given, rise in the develop inert! nf tnipponcLm 
specially deigned For punted circuit ussembly, e.g, rtriswf? of flai 
wnfeMiKe fcrin wltb. Lags to plug into a printed circuit board instead 
of ik MmeUloilfll cylindrical resistor with wire leads emergi _ 
from each rad ; c^puici lots wish two Lerminal leads protruding from 
lie base; switch ttttffibUo *nd g&ng condensers with biLsc-iaggEd 
connections, and so On. W\m Started as a technical novelty some 
twenty years ago—and QU which nobody HH»d particularly 
interested In at the time—has now both become camnnan practice 
in the radio and electrons indu&lfy ;ind sel dtfW tiudarcU and 
rauirei&icnts far component manul'acEurert, 

The modern printed oiremit base material consist* of Wppet fcHI 
2* 3, or $ ilnnL^-uidihs of an inch thick (or in some cases- thicker) 
bonded to n ibcrmoscl plastic base of suitable thickness—e.g. 
typically 1/16 in. duck for general work. The base material may be 
Laminated nr ranfond phenolic (most canw in this counLry) or 
polyester reinforced with Fibre (generally favoured in Amenc* 
and now coming mure to (he fort in- tbit counLry). The type of base : 
material Ls not of priimiry LmptfrlMrt, provided It has die ncces-sai* 
deoLfioal qualities of being n »Ubbe muKunduCLiid and boa the 
necessary rigidity and physical -Hpcn|lh |u it£1 as & ciussts plate, Is | 
ifiubt also be a suitable material for Miking; lhe bonded MppctF 
surface layer and be capable of being drilled or purtelted to aw n n- 
invdaie c-li itipQiii-CEiL leads, etc. The main odvunl^ige of a glans fibre 
board LPvef "TaxoLin' 1 or a similar material is ihuL it is trunslueem 
and so it Rp^vyble to see the primed dxcuil paltem nr "hinds"' frui:i 
the other shie oF [tie board, making it easier to Locate component! 
correctly Of ttaee connections when checking. (Jn the other hand¬ 
glass fibre beifds are usually more expensive and are harder to cut- 
Also drills used lor hol^nsakmg are readily blunted by them and. need 
frequent KpbHHUIlt or resharpening. 

Printed dreuac stock it invariably purchased In panels which can bff 
cut to the overall iiit required, One face of these panels is canted 
with, copper foil end ii is un this face Lhat die actual circuit p-aMenl 
is produced by etching, This involves tronsfening a drawing of Ihe 
circuit on lo Lhe cupper, coating all copper ureas which arc- to remain 
wltb a suitable retoK and then imnvcrsing the panel in an acid bo lb 
to elch or dissolve away dtc remaining unwanted copper. The 
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p^sl is then removed with a tcdveiH* when the printed draint panel 
can be prepared for compiuicnl assembly by drilling, etc. 

All this work is well within lhe scope" or" the amateur entbi^ijist, 
cither working from a printed circuit plan nr designing a suitable 
printed pattern equivalent Jp a theoretical ctTCuiT design, although 
thif laiter can become quite an involved tyuvinesE. Alternatively, 
monyswindard radio dtlmts, etc., arc iv^Mley kits or i n eompMerit 
form for home mably, including a complete printed circuit, 
ready drilled m FieteSiflcy. This Latter f*aiuie saves a Lm of lime and 
effort. uhd u tf point ol design on which lhe leas experienced con- 
Gtniclor is likely to go wrong. Om of lhe basic essential* of printed 
circuit design, in fact r Li complete fu miharily wi Lh component siies, 
that mourning holes nr faoEei For leads properly match the 
enmponraC to be sccommoilftced—with each comp-i.inenl arranged In 
Logical order, both physically und eJectricaLly, Unlike nniiiiajy wiring- 
up, prinled circuit caaductKTS cnnnol be cravsisd -ovet each other, 
lhe typical fiupcthei circuit (Ftg. 25) \\ rdurivcly comply and 


Fit 15 

PiLftiel diuuii IfliDiit oF the "'Rc-Uisisc 5cven 1pi Rcceivej 
(Cunipsne with lhe theoretical dicuii dtagnim H Fig, 62 } 















H DESTGN AND eDJiSTILUCTSGN DU TkANiltiTOJl &UPEItllETSj 

withuul lexp^Htim in primeJ circuit Lajom can present an dIhidsI 
imsdvablc pcoblcnj n.i cru how all the necessary conductoia cjh be 
arnmgFd on a iiinuJii plaffUE. In giMicr.iL, however, the Layout should 
follow bu^rtdly 3he; mm pbyskoE disposition us the theoretical' 
circuit Where Uni diagmffl iwlf i^dactts crq&an£conductors it may 
well be Ld'cnojider-iiMe help (£> Stic if it out he replanned so that these 
are eUioioatisd. If this proven physically ImpWliNe, and a solution 
cannot be found by altering ihe diipusili-nu uf tJMWfflrpMenti, it may 
be ncccsyin, 1 to Lenninale certain cuimecliutti on tli^ printed cifCuri 
lamb and inrercoaoecL to cross older Lands with no taikilAted jumper 
wire. Whilst this may be considered bad design., ilii perfectly itillable 
fnr oue-iifT or amateur consitruction. Bear in mind, too, lluil vijm- 
ponciU6 IbHUdwi can be used for bridging over adjiirceol con¬ 
ductors. 

The currantnairr>ir -5 Htpucily of oonductoiH sarirs with foil 
thictoess, bul, smcc Uw current val«s in trawiHor receiver circuit! 
are mvamlbly Low, conduuior fcia? Li unlikely to ht critical, although 
pecommcaded minimum tig arcs should be aJ|iL*t*<J to* 

Minimum recommended conduclor width ii 1/14 [fi- P wich \it 
kasc 1/32 in. deal spacing between Etdjncenl conductor* to mlucf 
the ptr-fiehilily of accidental shorts of'"brtdpn^ between conductor* 
when miUJli. iig The drawing should also allow for a minimum 
sparing Gf fl-t least I /32 in, between the outside conductor and 1 he 
edge of <tw printed circuit board. 

Where boles have m be drilled to cake component leads, the hole 
diameter should d«dy nurich rh* lead s-iJ-c- *.g. wilb a typical 
resistor lend of M28 in. (22 the torrcspondLog hole diameter 

should be at Irosl 1 /32 in. or Uc\ 41 drill- SurTipieac area of copper 
"land” should be provided around wlr hnk for a minimum width 
of C/16 lel (Fig. 26}. Holes should k OCtmUy spaced to nsiLteh 
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Fig. 26 

component leads, allowing for a "Unger bend" it each end ot down 
thesidcof Lhecompopiui.r,, fletoniiog to whether horizontal orwtk^l 
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assembly is to be used {Fij. 11). The former jj to be preferred except 
where a mjnimuin panel Is aimed ut r when vertical rnfHindbg 
of resistors, etc., will occupy minimum by W area. At nn point, 
however. should spring between adjourn Lutes be ]ess tlitn iwiee 
tht laminate thickness{i.e. normally mu less than, I/S ip. an standard 
limiiiuitcl. 

OthCT [K)ipi» m walch are that where conductors join nr an .acute 
Jeigl* they should be faired in with, ■ generous fillin', increasing the 
area bonded uE the joint and malting the ooppej fur Jets* liable to be 
Jifred. Aim do not leave umireensa nly wide or large areas of copper 
is conductors. These may be subject to ncetsivc beating and 
tension, with (Ik result Htaldie copper lends m Jih from the base, 
EirhvT cut down the undine of such areas 01 ruL^ve i he surface 41 l-.i 
wiili slots Id be clehej away. This is not sn irrtportanl nn law^vnltcgc 
ciKslid,. but on mains circuits no copfidr area of more than About 
one Square inch should be teft ''snlld' 

Fiii professkuuil w«k Uuc printed circuit design la usually pre- 
piued as a mastd drawing Iwo or tlttiee times actual sia-und 
mmurLmM m a very much larger scu|= where a cample* circuit is 
designed &i> Iw aocommadutLd wJthift rninimum area. Tliia is 
““ phcnogfiipliicuily reduced and printed or otherwise trnnderred 
•ft tl« lara.oale. For umaleur wurlc an accurate traems j| usuaDy 
tnadtoff an actual-size master dra^M, uanrferred on lo the laminate 
icopper face) with carbon paper. Simpte rireuilscan be drawn directly 
°n to the copper with a lead pencil. Alt the Lund areas are Ihen 
carefully p-sinled in with «l|.i|t>sc pnint for resist inlr, iii preferred) 
Ahd ullowed to dry. The panel is ilten ready for etching. 

. ^Iihough the majority nT lisimc^onstructed supefhets are built 
teum prot'ejfltonaUy made printed circuits the technique ufprepajing 
. lojtuuiie will be desoihod in (k'Euil for those who n>.uy prefer to 
From icnitch, or work to their own circuit designs. 

Ho. 1 6 ^ rst pte * 5, havin e P^pared « printed circuit dra^iita v is lo cut 
“* ^minalc to the required overall size, using a fine l<ii>ih <.*w. The 
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CUE edge* ran iicn be smoothed witb .3 fine dm file, as iwrwf aiy The 
topper surface bus wobablv become grewy and dirty through 
|l:i ridling, and 50 should Jiew be denned thoroughly by washing wiih 
n determent afl d njbbifljt dry with a clean cloth. iT the copper ^ lil- 
coloured through tmttfini* use a-domMEic abrasive cleaner bring 
n up bright cI-:lp 

A c«i of detnflm is lo bold ihc panel under j tap, tupper 
side up, and allow water tu* run nit [ L > Jfl, If ihc water wets ihe whole 
atea and flows snMothJy over j4 eIic surface is dean and greute free-. 
It' isolated patches of Dop^r tiny dry these are gtiU coated with 
precise and need funher deafling, 

Oma completely clean the printed circuit pattern \> drawn or 
Irjiefd oo Ip the copper. CdluJose paint or resist ink should Lhen be 
u^d to point in all ihe l-irtd areas, using a ruling pen. for straight 
Linrf and a small. brush to till in ajid complete lhe wider sections. 
The whole of the paurm muy be painted Gil. if preferred. although 
the result may b£ Somewhat more rag^?d. Avoid painting oh Lew? 
mu^h paint at rtsisi, as this may overrun the cntliucs. At the ftattie 
time make %uzu liniM ;ilJ ihc land areas are Mly covered- Use pointed 
pultern ihoutd then be left iodry, which may take an hour or more 
Wiih cdlulCHst paints or CO la IS mi miles with resist infc§. 

1 "? solution normally used fbr etching is ferric ehtnfide misted 
wiLh n little hydroelilc-rie add, or itruigbl dilute nilra nod. The 
farmer is generally preferred icificcs iE does not kL a^ a* much as the 
alone, but cither will br equally effective The flching solution 
il poured into a suitable whitlow container. si*eh as a plastic sand¬ 
wich can or Lray und the laminate slid intci It m immense. Race of 
Etching will depend Ort ihe temperature of the etching solution and 
uJsci the dqgpte of lytllatlocL Thus at a tempera lure oF 50' F_ a ferric 
■chloride bills wfll eteh the copper at a tuce of about I thou, in JQ 
n«niite3--Qj hiriitly an hour to etch ^thGu. foil. At 7G 3 F. tEie rate 
of etching is thcreiused to about IQ minutes per thou., and as IQO" F. 
is ill most twice us urtive again, Theetelichg rate can also be iitenrasdd 
uy penile jpEatKiji. c.jl moving lli-c board gently backwards and 
forwards in che bath, or gently rocking Ihc container to fwJJI the 
clching suluLion from, end to end. 

Etching should be allowed to prated until all traces of copper 
have disijiprpearcd From the surface, The board can Dm be terrtn™! 
J™ rinsed under maning water to remove any tracc-i nf Lidimii 
The paint or resist ink cowing lbu tanda is then removed either with 
a solvem fe.|[. railidoie thinkhLts in (he case of cellulose painl) or a 
cteuiKT On Die case of resist ink vk, After this, again wash and diy the 
bonrd. when U is ready for drilling 

Thn« twiakr rules must be observed when drilling printed dnniit 
JHiwEs; 

(i) Alwjiyi use a sharp drill (preferably a new drill r or one which 
hoi been te&naipeucd prior to pse). 



































ja □ esi ns and cowinmcrmw 01 = tiansijtoi fumtue 

PQ A]wayt dull Jirora the copper side (i*, copper face up}. 

W) Always UJc a backing of hard rhalenaJ underneath tl 
laminate mi ihm Etic dri]L polm will ih>i tear out 1 section of tb 
laminate wherl ihc point breaks through, 

Drjl|ltfe|£ may be done with a hand ur dearie drilE, the biter hei 
far let* Dring Lo use when LhL-re arc 91 targe number nf holes to . 
drilled, aiihuiJ.Efc Ibe small size of drill required roavicad to -jb hi^l 
bfwkuge rate unless special care is taken. 

LAMINATE MATERIALS 


AViOJ 

Binder 

.-apF-r-D.ir. 

Bnmi 

Sin 

16.,-In. 

AhwtptfM 

Piieneiac 

Ptaper 

fi-ll 

SHI5 10 2<J 


Cat km 

ts-lJ 

•Pfirox. L 2 


Nlylnn 

3-T 

(K 


GIdssi cihre 

6-t2 

0-1 

Pul>cs5irr 

GLflii pbfff 

3-5 

0-2 

5ILk.nrM 

Glmiii fibre 


0-4 

PTFE 



ill.in 0.1 


S’rr.'Tr.sh 1 V 1 I (*>■ far 
DrilfinK □no 1 
/ T »TTC'il l Af 


Li b^UoiL, Inw drill. v, dsr 
Lioulknt, I aw drilL wcnr 
LvjcIJkii , law drill u-cur 
Tiir. high drill -^r 
Goad, kigk dnil w*af 
F*jr„ hinh drill: **ap 
G»diJiggii dnll 
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PRINTED CIRCUIT ASSEMBLIES 


Eiirmrc irtnflS are La variably used for electronic aKSUTTibliffS 
lopfihcr vvith resin-cored solder li e. the solder Is in the form of a 
Ko'llow wire with the core filled wnh ;l rain flux). Flirae-luyiivd irons 
*re not sati sf;icto-ry for they ar? usually loo large and Cuanbersorae., 
and also do nut permit gmid lemperiilure control. fc<iunlly H one 
should always use .tn electriciil (cored) solder when no wparoie fSux 
iiiH(uirod. An aeid-ryfKt flux should rjeviY be used on electrical work 
as this will inevicably produce corrosion. 

The hdsio nj|«. for good soldering are diirL-nwly simple, allbougb 
they art: CttLjucnLly ipored. They may ttt summarized as under; 

fil The iron should be of the righl iiz* und ivpe. 
fii> t lie iron should be hot 10 raE |i the solder freely, 

LiiaJ- The lip of the iron mysl he kept ikned and clean, 

(ivj Hie wurk Buriaoes to he soldered must be clean and prease- 
f[K. 

The right size of iron 1* imporlant for if loo small it <mU rapidly 
low beat when applied to [lie work, and if too lar$p may overheat 
adjacent £ompM»t| or be awkward lo apply m ibe work. Far 
pneted circuit jishL-rnbtles b 3/16-ln, bin diameter is about right far 
general work not loo large, but huge L"nc>Lagh lo retain enough 
hu^i Far mom nr Jtfs-a- continuous work. |l m:iy be awkward la use 
when sotderinjj. up u miniature pn.nL I where [he lands are dow 
tcigelher, when 4 3/32-in. nr even u I ■'Jfi-in. bit mov be preferred. 
This imriter swe will, however, usually Imc so much bent in c&rft- 
plctuifg ji N^gle joint that it lias. to hv left to heal up again helVinr it 
con be Applied Lo the second joint. 

I,™ if iIpci specified by waited, but this is more &f a nominal 
raung than anything else. For Irani of differed make hid of ihe 
tarnc started wattage can hRwe n considerable difference \n pex- 
Fafnuu^i;, e.g. dilTcfCJicrt in hiinll^n-up times and In bii (Emp^rmun 
achieved fand yonatiniu: \n llw lacira- can be as high oi 100^0 To 
nvuad ibe possibility cf overhMSilig! 11 n iron wilh e fadnp of more 
iiian 50 waits should never be uMd for printed ctrcuii usKLimbliH. 

Iron tufiage must bo matched to ihc ins volLnuc available, and 
n ii itsiuil lo operate an lI^Ijk: iron on tivt middle voltkje rf ih? 
ffinRC, t.g. for a 240-voLt cqain vdfftgt? a 230/250-vall iron wnuld be 
curtKt. An iron should nt^ct bv on a nrutiiu voIliuj? below 

M| e lowesL figure edits- raiing ns in such, a case it will not Llcvehp ha 
Proper bit 1eraperaturc_ 
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Typically n u.ond electric iron wUl flihitve a Baiumtirtti Icrtlpera- I 
lure of approximately 375" C. The lime utm io reach this tem- 1 
perature wi]J vary with the iaze and design, but very roughly should | 
he of the order n r wiflBgc divided by fouipirtjuftfirids, c.g. in tl* cow? 
a r a 3frw-ult iron the bit should reach its fflKlmuni or saturation 1 
temperature in about 30/4 = 7-J seconds, ll should cdso late about 
one-third of Ltsls time (c. ft, watu divided by 11) to reuvh a satisfactory I 
bit (eeitpcraiiji-e for Golderinft (250" C.'i, although I has ran ntadiLy be i 
judged by trying the solder Ml the twe ti> see if tl runs fnsty. 

The rtSHbmtn bar lempeniLurt required for satisfactory lettering 
Ls 40C, Above the melting point of Ik flolder used. The Tfndiiag 
polnl will vary with the composition of lb* snider. A 60/40 tin/lrad 
alloy which is ir**d Fur hiah-quaLlly fteclricft! work melts at 189' C 
Other alloys. fcg. SO/M* 45/55. 40/60. ele.—dl gF which may be 
specified as H elKlrirar solders -melt al inemiscngly higher tempera* 
lures. The mettins point oF 40/fid solder, for tiStaifi|plfc r is 232 C. | 
For printed circuit n^embli« especially it is always idvlublfi to use 
60/46 alloy as requiring ih? fnwfctt bit temperature (of ^lisractory 
work (e-g. a minimum bit lemfrtiTflturt nf 229 C.) as this rtducti the 
risk of damage io component ChfOuftb overheating. 

Whether (be temperature of the bit is satisfactory nr not can 
readily be judged by the time it takes To complete a joinrL This sho-iikl 
be of the order of three to four seconds—flu more. The rrsuhing. 
solder joinl should be bright clears with the solder completely 
"wetting" both surface* of the joint If the joint takes longer Co 
mate and/or the ttikfar has a. pasty or dull npp^irjiwe., the iron is 
(Mil but enough. If the soltW is reluctant to lake fiF flow over the 
join!, or collects in bLcb* rather than spreading out> then the joint 
WhfcCfi* are dirty. 

Lkfore attempting assembly on ecimponenla, the priflced ctrcufl 
podel should always be cleaned 10 Chat the lands are bright all over 
with no +1 ilII spots. Once cleaned,. (he lands should no-1 be finger¬ 
marked by hmidiing. An ordinary dcunoEtie powder driwef is -as 
good as anything for cleaning the primed-dreuit Lands, used wet or 
dry, the panel btsny rinsed under nimunft tv alee Io remove any trocei 
ofabrasive after cleaning and then diwd mi a clean rag. 

Component le^ds are normally linned pud therefore in a sulfabk 
state For Eolderinfl. Almost certainly, however, the tinned silrifeec 
will have becomy diltv fir partly coreudvd during handling mid 
storage and it is i^n^ralty recommended m elsan leads Immediately 
prior Co assembly and soldering in position. A icrap oF fine wmry 
paper Ls eKcedeOt'Fof ihis^ umply wrapped around the lead and pulfed 
along ibe length of the lead, taking cure not Ln impose tt£&m 
mechanical strasn eh* Jciid- Similarly uith tugs, «c... which can ba 
"sanded" with u whip fiF emery paper. Tim* taken in cleaning teidA 
ele., is nmally tcrtie ^vlcI. for one can then bt ^isre of a satisfactory 
soldered joint at the Bfit ailempl 
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Where space permits, components are usually ffloutiied hori- 
zpmaLFy, resting on Lhe plain side of die printed ^trcuit board aa in 
Fifl- 29- Transistor* are the exception .siiuze theie nkays require a 




reasonable Iraftth of lead ro esmure that dicy an iwf dflmag«l by 
heat during wTdefinjt. A minimum mouniing heiKhl fo T trtinrisCors 
of i i0- tibove the plain Fug? of (he bouid is ndvisable, and pre- 
Fcrably \ in. or more. To avoid any pnsssibility of Lhe exposed Ccada 
sliorting they can each be covered with a length of sleeving,, or 
alternatively jusl die collector (or bnsei covered with sleeving. Thi s 
latter method saves culling a piece of -sleeving for each Lead, provides 
almost die same decree of protection against shorting, and also 
serves as a rra^y adentiheaJjon For dve pcHidon of die coUeccor (or 
base) and thus rhe other two leads. 

If it u necessary tfi er^wd components more dosdy together, the 
uprighi tnounciriS rait he ciupluyi»d Ffir mteiitr* and i^apacnlor*, Hi 
rh Fag, W. The lOp lead in I his is btm to dnwji fttufi^aide 




Fig, 30 

*he wmpmffll itodf, In lhe ca^ L vf dectruSytic capoautfiri the top 
lead would pinvrncioranlly be Lhe negative aiui [i ofleu raped to the 
side of lhe rapatitor ift the ease of cmnpLii>.nH i applied for printed 
raicuil: us^cnbli^, 

Tli^ ciriirimil dr^winft of the printed circuit must, of course, be 
laid out io jKTomnuwlLice eap^L-iiors and resistors in eidier a hori¬ 
zontal or vcrtiraJ posiiioEi. Ii w^uld b? hnd pracrice, for evample, to 
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mount a resistor h-Pii^CifLioJJy when it was ifilcnded for vertical 
mounting. as deLcrmm&I by the corres.pojidainjj hulcs cn the printed 
drauJt paneI. Jp eh® i”is* of supplied primed circuity 

Iqd p il may Ik taipMsibfe w get all the wmpoticaH into the physical 
space jiVj.hihk cii Etc beard unless the dvsi|m mounting pusevinns 
axe uLlI Ill 2 'llI to, 

When tep-d^ have Ho be bent to slup*, bEL tends should be dtrne 
with the fingers as this places- the km mechanical strain cn dw 
component ilseifand also enable (he bend In be miCfe reasonably 
flloa up Co the end of the compOiMBt. Some people Advene bend i ng 
wilh round-nose pliers (never flat-nose pliers) ra ping a tighter, 
neater bend. hut Lhis niclhod can put coflflrderafcle strain on [he 
lead and even pub it out of the eomponetH if pjim are used for 
tending Lead^ ihey should be used at nunc distance from the 
component, never clow up where the ptier jaws can H ln-er ,F rtjtiiirtri 
Ibe end of the component (Fig. It), 




I *w«t» tosc rtm 


usac^E/ 


Fig 31 


f>pinion also differs as lo the ten melin^d of milking oFT th< ends 
tf leads passed Lhrough the printed trncuil paneL Three alternative 
melhods are shown in Fig. 32 : 



Fig. 32 


(i> The leAdi arc passed through their p=*.pective holes, Lhe 
component pressed down flush wiih the hn^Td and the leads 
soldered to the lands. Excess wire is then cut off with wire-cutters. 
[ii> Tlse component is mounted as above but the leads are cut off 
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co stand proud of die lands by about 1/16 in. before Hikkring to 
eoraplGla fhe joint. 

(hi) The leads arc cut off asid lumed over once Lhe CMlptrarnL is 
Jcmalcd and then soldered Lu complete Ihe joint. 

Each of these methedK han it parlicular application, Melhoef fLi} 
if usually ihe eJciLncfll for (eneral work, but method (i) und particu¬ 
larly nwabod{ii i) haveIhe ad vantage that the compirenlis supported 
in positiLMi until ihe Mjtdered joint is conLplareJ, und cannot drop 
out when I he board is turned over for soldering, h disadvantage with 
method fiii) is thill it mates it much molt difficult to remove n 
-cpjnponcnt once it has been soldered in position, 

Then there Is Ihc question of hat diinwige lo consider. Provided 
the joinl L5 completed cjukkly-4*. wtthin three or four HWnds of 
application oF die iron no component is likely to suffer heat 
damage. This even apphus to transistor! which ore normally ruled 
I n uziSrstand contifLUOIll Ljpptn sti on of a soldering bit cli di^er than 
J- in. from the a period oF up to JO seconds without damage. 

Thus if idl well and soldered joints are cotWpleDed quiLkly and 
□calljfp it U Seldom neoestaty to worry about damage. 

U i\ hPWcver,. sldl commonly recemmuisded ihat a "'heal sink" 
ihould always be used oo each lead of A imnstsfcor when soldering 
in position, A beat slut basically, It a maw of conducting material 
which will absorb heai Trori i|ur imn rnther than let the full heat 
Itow np the lead. The jua i of a -pair of pliers gripping the Irwusto? 
JirLid form n eonvenicui hi^n sink), or tf there are not eonvenknt to 
use n crocodile dip can s^rve the some end {cspedaily if the pwa are 
filed flat to provide minimum surface conlaci with die Ji^id), 

The m^sL likely tauee of heat damage js re-workiiig i jnml which 
has not been maiOG pfopcrly, or trying to unsolder u \^wij which has 
been wrongly potHJuidcd. Tkis may mean leaviny; the iron in contact 
widi Lba joinl Far longer Ihnn the ’’safe^ Lhree or fiurr seconds K when 
damage on resulE to the component. Exces ^vt Ife^ui uppbed Locally 
in ihjfl manner will also lend to H lLft rt tbf copper bind nway from the 
base mitcnal, so that the printe^l circuit iijwlf iis damaged. 

Ri. hi living a component which ha^ k-l-i mounted c-n ;l printed 
circuit can, m fact, be a tricky pmeess, If it if ■ faully Doraponenl 
which is lo be replaced the safe *.ir w-iy to go about such a job is to 
cut rive component olT, as shown in hi if, 3\ leaving Hub lengths of 
ihe originaL leod protniding from ilk plain Mde of the pxinM 
streuLt paoeL The new eampooenl cu then be soldered in place w 
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these stmt leads. Alternatively, haviiijf cul off ill* component, each 
lead can be removed in turn by I.lymil- the lip of the iron on the solder 
ioial fprinted circuit side! and tthhilr;iwrng the lead with pJim; as 
soon as the solder has (iiclted. Then, before the solder baa had lime 
lo sri ajjjiEi. blow stu'plus loWer -onI of the hale (Fig. 34| 

|] | 

an- €fr awow leadr ez.M wowf 

Fit M 

To remove a component jnt act umsiljy means working on coo 
tarf at a time. lifting first one end of the component anil then I be 
other. ]c is not always posable lo be sure that the component 
removed is undaioapyd, wvrever; In the case of component moon lid 
□n rigid leads or Uijpj She problem of removal ii even more dillleul L,. 
generally demanding working on pairs of rags :u 3 i\mt r nnd 
gradu^lfy levering Lbc component upwards, This usually cnlaili 
wfisickrubiE risk of overheating the compOJfcritLp and of "lifting^ 
the punted circuit Lands if too much Lie it i& applied to Lhe tag si de. 

A trick which often helps in iwnovliu a rigidly mounted com¬ 
ponent, E.och as an i.f. transformer, it id heat lhe lags and brash off 
Lbe solder with a stiff brntte wire bruah of suiSabJc size. This is 
repented on each lag until the component is suiiiciently looBened to 
be prised free. 11 Li bnpn-Tianl K hoWew B lo avoid splashing c^ee» 
solder on to other par ca of lhe printed eiieuii board. 

Unless obviously foully, transisEors or diodes should flOl bt 
removed from ft pirnled dreuit board once assembly), hi iHc 
jiCHslhiliiy of permanent dam.ii.jse resulting is high. If imp&fibvo i Imt 
they should be it&KJ¥ed(e.g. if they have bcoiconne^ied up wfgpdyh 
a heai. shum &boutd always be used (e.g. a pair of thin-rioted pliers 
irippip|£ the Lead between the transistor body .ml lhe printed 
dtcud board h 

Where lhe board itself is damaged—*.g. foil kts wme unstuck 
through excessive loca] heating a simple repair ii often effecliive. 
Lo^^sened .lands con usually bt stuck haok again hy carefully heating 
die foci with the soldering iron nnd tfcen pressing m place on the 
board ontil the adhesive has reset. If not r the loos* l.md mny have to 
be slurk down with additional adhesive c.g. a j^neKiE-piirpcie 
domestie -adhesive of the modern ruhhef-haso Eyr^ P 

Mbdiftpicul damage lo printed eirenit boards can be repaired 
b^r bridging breaks or cracks En Htc eepper IjikJs wjih “jumper" 
wires wldEied in place. The jumper can l>c plain tmiu:ij copper v^ire, 
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but if a Eoniwr jumper ts required which pas^s ever adjacent Sands, 
either inmlaled wire should be used nr lhe wire length fitted with 
LiuiiUled sLeevtng. All repaired areas should then be coated with 
clear lacquer for pio-tedioo. 

Where a primed circuit board H qtulc enttiflsiYdy damaged, Of 
needs U* have a number of Lmmponenls changed^ it is usually mor* 
sjuafatlory En the long urn m Wrap lhe original board and Man 
again wilh n new out a^id p^ufer4ibly new components, ratliLr than th 
try to salviigP all the Oligiiinl componpcnts ns these may be danuiged 
in die pT^v^S iff itmttul from the old board. 










CHAPTER V 


5UFERHET STAGES 

TrzE modern radio nwlver normally employ* u compact tuning 
coil moulded cm a Ferrite rod, the llPer forming u core which 
greatly b^reases Lhe I nducUDtt find thus ifrc £ of the coil. With 
HKh :ifl anfiaj JySlerrt it b HOTHUlly possible to dispense with due 
use of ziTi-y eacleimil s^riaL escepi under advcrr-c conditions, e.g. 
a reft* of very poor reception or when the receiver Is being u&ed as a 
car radio {where the body of the ear acts us a shield culling off the 
transmitter signals before they can reach the aerial). To cater fow 
such circumstances provision con be inode to plug \n nn frrlernal 
aerial lo the interna] system to increase aerial effwirncy for in the 
care of the ear radio, to bring the aerial into a position outside the 
car where signals are prevail j. 

The medatnn- and Icwfe-wavc ht<vickast bands together represent 
a range of |V^q yii^Lvl^^ from 1S<W fre./j to [50 fra/j, or a tenfold 
which h beyond ihe practical coverage of a siogk L_C. 
CWnbirtfliiotl urins a sTnnEL-daameter coil wilh a eked talue of 
inductance (LI and variable capacitance [C"i. it is usaal, therefore, 
to employ separate coils For medium- and tong-wave reccj^iufi, the 
Jailer representing an extension of the medium’wave coif which ts 
swiSchedi iolo circuit by a. wave-change switch, 

Referring io the formula for rmoifl-t ftoqwncy (Chapter D aod 
rewriting in the following form. 

r L€ = 159 D 1-88 

Frequency (IcLlocyelrs) wavekngtb (metres 

Where £ inductances in microhenries 

C — capacitance in micro-microfarads 
OrT 

Resonant frequency (Ae/t) = 01593 \ It] -1 

Vlc 

WJicft L k in henries aod C ts in farads 

we have to ensure suitable values of £ and C in the tuned circuit so 
clmt ifie required frequency range is covered. In practice this mean;! 
producing a coii of suitable inductance to match i he norma l capaciiy 
^Vhiiig avnihtbk from lading condensers, which is normally from 
5$ 10 500 prcafmuds (nominal], or less (e.g. a 175 to 300 pieafars4 
■vrina}. 

Coil windifln are thus designed to match Ij.c. produce the cor- 
responding mduclance required relative to the core materia] em.- 
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played), Thus whilsr required indue Lance nan be calculated direct For 
\ n air cote, che Q of the coil is increased appreciably by using, a 
ferrite- rod K?w, which at the same time considerably modifies the 
winding sp^dhc^iion. Coil windings are r therefore, spccdic to the 
ihd type of f^re taalcrial employed on practical aerial units. 

"Fig. 35 shows die eorrespmdbig proportions of an air-core cod 
which will giv* inductance value matching a 450 pF swing uben 
wound in 38 s.w g, enurrwll*il or double-silk-covered wire, 
wound in the Form of an aulo Lransfonticp for direct coupling to the 





nest Slije, The lapping point is nearest tk eurtl end of the coiL It 
wHl be noticed that for the increased indiKlan^E required to cover 
the tong-wtve frequencies the coil length ls simply extended ^i*h 
further lurries anti a would be normal practice lo juilch in those 
additional tuiYU vLfl 4 wavo-dmjigc switch, as shown m ibe dfiailt 
diagram. The mulching cupoc-iior would be required Do tune over riie 
range 50 to 500 picofarads- 

If the tuning range proven inconwl Tor the actual capacity range 
available from the vmriibk c«ndvnstr„ then coil inductance can bs 
adjusted by adding more lams*, Of rodueed by removing turns. With 
auto transformer winding, however, it k necessary to add (or remove) 
Ihc same t-aiSo of turns r! each end, SO eIlhI the same balance is 
preserved about the tapping point, Emcv iht nipping point comes 
at onc-chifd the cod length, this meuns adding for subtracting) coils 
in the ratio t : 2, e.g., 1 turn added lo llw tuth iiiid must be 
babjtcLd by a-dLling 2x1—1 Lums 1o the nlher Old. 

An ail-Oire coil Of fhLi type would not normally be used oo a 
practical I'ettefcvtr because of its low overall ftfliriHKy (tow Q\ It 
■^ould, in faci! fllniosi ecrcattily have to be empJuyed In eonjunction 
w-jih li limit eslemal aerial so get satisfactory rtceptjun in uu>M 
arras P Alclniugll a ^inoller dLaiiuccer ootl wilt be tdktoril by itseLr, 
When mounted On 4 ferrise rod ass InducMOr it «twidertbly in- 
fTcav.id in n low t^islance high Q coil cupable of eacelkuL selco- 
irviiy. 

Typical proportion* for miniature tuning coils wound on. a 
5/1 ^n, diitotelih" ferrite rod are shown in l'ig Sd, llrt first being an 
fiutcMrarisfornirf c S r p e For direct coupling aod. the othtr iiiiLploykig 
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separate coils for tmiifortner coupling {inducti^ smipjEngy. Eidier 
is ^pnbk of giving im excellent performance nvet die medium-^ 
bund i with provision Eo ;iJ ust ihe inductance for optimum n l r-* 
Uinnnncc by sliding the coil ulurg the ferrite rod until ihe bvsl 
position is found. 

Any .lire 1-1 pit (o extend such n coil I-li give long-wavi: pivi'Tjp 
also is liftL-u disappointing. utaug simple coil-winding techniques. For 
sotisfiietory performance, in loci, it is usually oeocssurv (u wuve- 
*e Syng-wave coil. A typical design based oil * 7-in, Jong 
t‘J j+hBl femte rod is shown in Fijj, 3-7. Here 0* medium-wave 



Fig. 37 


coll consists of u singto layu T wending of 19/frflOQS {23 i.wg.) 
stranded iwuluted wire forming 64 turns A—[l and 6 turns C-& 
Tlie Jeng^vc coil is wjih;. wound from 2h ^.w.g, cnai; t Ihed and 
rayon- or cotton-covered wire, forming F.-f wiLh 43 turns and G-Ji 
with 17j tu ms. Coil und spaci ng is nporoiunately .m shown 
Small odi um meats to the coil inductance can be made by drding the 
coiLi alriiyt the rod as iH-crssary. TJw mulching taming capacitor 
required for this coil is 173 pF rnuiiinyin. 

It is usually the rcio$l wiliafaotory sululion lo purchase com- 
mejcjally wound coils matched to a specific size and qualiiy of ferrite 
rod iti order to ensure masimujn performance from hsecivers in¬ 
truded to have long-wave coverage. The* will also Em minted to a. 
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specific tuning capadtor range. A typical commercial design is 
shown in Fig. 3ft, whet* It will be noted that the complete unit may 
also provide a special coupling point for a car aerial. 


l=pp 

MEsaw-WVE- UXt 

■h*h—- 

7 D AERiM. 

Fit 3B 

Winding specifications for like coil shown bel J-“ag. 57 urc: 

Mrdtvm^wr ml fphtgShbryer winding) 

AS: W HkCOf I9/1WW2S COTefPd wiro 
CD r -6 Curas MAHW2Hl «*wd wire 

LlMg-WG '-PF (tiHTiT-imir nd) 

EF: 4L turns fHBGfl in. wumKELed mix 

GH: 175 auras O'CXWG in. fiMj'QO-PCTVnd contactlcd wire 

In die case of the superhet I he resonant t f tfitaWisbcd In 

The i lined circuit is fed lu Ik DOQvrrlcr nr mutr sUjjtf. Howew* an 
interned lain r.f. amplifier stage may be inmtmMtA in increase 
\he ttfllifcivity of the fCKlwr, Lmpiovt selectivity by reducing chs 
linuge ftt^Ufincy reipofut,. os ipuf baefc.Erouod noii£. Disad^nft- 
Ugx *—apan from aura eoit arc the additional altgniTicnC p,ry- 
biems posed ,s.dd lllfl the f.iL i Thai a l brec-gang condenser is re-quirtd 
for tuning instead &f the normal two^mng (aerial and osciUutorJ. 

R.f. amplification -ran be pfLmdnd by a simple unttined dnmlc 
as shown in Fig_ 59 h wh«cli ddM tint require the itse of a thfee--gang 
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5I> DE 5 IQN AND COSaTfct-CtlDK OF Tl^NarSTOIt SL-P£RHE TJ 

!LflEi4eftitr a dthowb Lhe gain is no1 pafBuruLHHy high. /Jl jjuJ jWJ 
provide base bins for the transistor, with Cl nod C2 acting as bypiLW 
fbr r.f. Chitpul I'rnra Lhe amplifier is reFiEslance-capacfty coupled 
eft the convener stage. 

A typncnil common cmitEer rJ, amplifier ciiruitis shown in Fig. 4<5. 
Bare biin is provided by Ri nftd R2, whilst d.c, mbilimJon ia 
idven by R3. which in ujni j* bypassed by G In pjy^ent negative 
feedback al signal frcquomrieS. Cl ii dlEvo an r.f. bypass, Ttie output 



as then coupled to e3i*j neat stage via an r.f. transformer wiih a turn 
ratio of appmMrnatqly 5 : L This avoids loading Lhe tuned! circuit 
and redueinjj i lie relecimty. Using suitable ratflpMelltS a. power 
gain of 2ft in 25 dR *hodd "be obtained. 

A possible fuilsnfl with this type of drrult nmy be n lentfcncy to 
osdJtiLtg owidRljO EntemaE resistive- uiulL oiip^iL-iii-ve feedback. This can, 
however, be ehmiiuilcd by applying a —UifailClll by feeding back a 
proportion of lhe output, signal in tfppci^iic pi msc to thal of the 
IrndSLtt&r To do this a capacitor C3 nnj resivlor R4 in serfes arc 
mmwtrted directly between eIliO Inuurfltor base and output and die 
cnpncLtoi adjusted, as nectary, c.> match I he feedback charsi> 
Eeri^ties of the individual transistor in lhe working circuit. 

The converter for mi her) find the local CKiUator can be tackled 
fl* tw’o- separate circuit!,, or Lhe two functions can be combined ill d 
single aulodync circuit to operate ns c retf-osdllatmg miser. The ewep 
methods of trcaimcnl of ihh sUige can, therefore, be contiiJcrcd 
separately. 

In Lhe first ease scparaiu 4ire used, one as a local lhc||- 

lalcr and Lhe other as a mher. The problem of producing a suitable 
oscillator is bo important one tiuce, theoretically at least, the 
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frequency diiTcrenDe between the oscillator and radio frequency 
cirtfuil mLiSL always be constant and equal m the intcrmediile 
frequency- Thii ii iwhieved first by nieeteinteul giaji^iji£ of the 
tuning capacitor* concerned bat ot th^ m me lime il demand* si^tblc 
osciliHtkn with frequency constancy independent of tempsrnLure, 
cbpuiges in Mipply voltage, etc., and or H “5qiicggin K rt f:i *i .ic 

of unstable oscillation where the ojdilutor amplitude varies in audio 
frequency). 

In practice perfect separation or tracking cannot, be nchieved. 
Th.ys inslea-d of the idtnj curve of Fig. 41 the l^st that one can 




normally achieve ja a means of triiuminp or aJsgninq Ibc practical 
circuitry 5u l hat iibsoEulely cnifL-L-l Ifuclting is achieved at a nyirihur 
nf points only along the curve. If cmTect dignmenl is prodiwed at 
Lhe two ends of the tuning range, in detdation over ihc meddle 
of band is Likely io h*z Lirpu, wish considerable Iw of ;i mp]ihoii- 
tio n and 'Image pro-teelion". Aligning at three points f.|, C. 4ind B\ r 
ont in lhe mid-dle and rh? uiher Lwn near each cikI, iL-ynsiderably 
reduces the masEmum devioiaon at any point. Cloi^r alignment stall 
fe.g. giving three absulirtely correct poioss nf tracking., A f ft C. as tn 
llte right-hjmd_ dkigi^ml further rcduocs the deviation, especiuily if 
pvi ntfl A and Ca« Stel^crwl well in from enchetid of ihe tuning range. 

As a general rule the maximum deviaiinn punruvsiWe (or tolerable) 
is greatest at ihc high frequency end P means that for i 

ff?quencji , -iuhiri^ nimge of 3 to l the deviation permissible at high 
frequencies Ja about three times that at low frequencies. On this 
basis il would apperir desirable to design for. arid provide adjustnufnt 
fur aligniita, nt absolulely correct 1 jacking over lhe lower-freqijency 
rqnge jasliui 1 chan lhe top end. Against this, hriwever; ia the fact that 
fit the high-frequency end image protection is least* and so selec¬ 
tivity may lifter as a consequence. 

A typfcd ditui? employing a separate Hartley type oscillator and 
mixer is shs^n in Fig. 42. The collector U lapped about one-third 
of Lhe way down lhe coil in order eg reduce Ow eifect of collector 

































S2 DESIGN AND C&mTTLUr.TlQW OF TRANSISTOR SUPERHETS 



caparilanoe and improve imppdflnee matching stability, and irack- 
ing clmractciiitics. The a*dllftttff amuil itseLf is of perfectly cort- 
veniionaE Form with the OLiCpul muptrd to the mixer via the secondary 
of Lhe oscillator eoi] ,-md a capacitor. The f.f. sljami frequency Is 
applied riinsu];j]i-cLML-|y Co the inner tranifeof iVom die aerial coiJ. 
oscilEatnr and serial inning capacitors bring ganged. The two 
Eignals, are LhiiS imiacd an (he basc-emitttff circuit or mixer inp^t, 
wfth the *um :i,nd difference frequencies upprftring at die collector 
with a (rt in of anything up tn IS to 30 This difre^xnce frequency fj 
fed Co the limed circuit wrapt islng ihc primary of Hie fit SC i.f. 
laufotnjcfv with output from ihe ^ondaiy lo the i.f. amplifier. 

Autodyne conveners aru often, preferred in modern ■-iiperhcl 
designs since they ^nm-alLy betCer frequency siahilily n ™i h of 
comic, can provide twth local oscillation and mixing with a angle 
transistor. In point of tact ihne ii very little diiTsrracc in pesr- 
formance between Liu- (wo types and both can by designed four 
tatisFacLaru freq^iKy UlMity. Cost, therefore. is usually the raai n 
consideration in favour of a Gelf-osctUaiing miser. 

in the lypical ielf-oseiliiiting mixer circuit shqwn in Fig. 41, r.f. 
dgnaJs from the coupling ccit are fed lu ihc base of die 

transistor which produces its own ioeal oscillation by means of 
feedback from Ihc outlcclor to the emitter, Noi^c initialed in Lb a 
collector and Coil L2 ts induced in the secondary L3 of Lhe oscillator 
transformer, tiLusing oscillation at the resonant frequency deter¬ 
mined by (he variable capacitor. TIsLsis fed h-sek W lhe emitter and 
thus nacinculalcd. Provided L2 and £2 a £Q so atnmged os to produce 
no phase change fin practice this mnm ch.it L2 must be connect^ 
the right way rrundj, oscillation will be main mined, with 13 acting 
as an autotftjurnrmer giving a proper tmteh between lhe higli- 
impedflOK Cuiud ciiuuit and the low-iisifudiince emitter circuit. 
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The output, eompfising turn und different frequencies impliflcd, 
is taken from 12 lo the lapping pvinC on lhe luncd primary of lhe 
hrst i.f. transformer which *cI«Sh the if, the secondary of this 
transforms providing the i.f, inpul for lhe i.f. umpltficr. 

A variation commonly employed ii shown in Fig. 44. Here the 
transistor is cfTecLivety operiling in Lhe conunon base coniiguratLon, 



Fig, 44 


and the oscillator unit has a third winding on live same core. The 
necessary low-i.m|icd;inc£ input Ln this case demands tapping the 
aerial coil to match (autDcransforracr aerial coil} or inductive 
coupling of the aerial via a separate coupling coil. In the practical 
ttrcrnl trimmers and pudders will also be inLrodueed tn provide a 
final means of adjustment and atinumeric. 
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Yet =molbcr vMEkltan is ihuwfl in h'jg_ 43 whcfe ihi? local oscillator 
c J£F tLil I fp fed lo the base ci-f i|iu transistor rather chan the emitier, 
LLfid tv I'eTTCcf to ai a lw£-inii?cted iutodyw converter las distinct 
frcim ciTihlcT-bje®d Crfcuals described prtviniuly}, f^rfamafl^e 
ihnuld be directly cumpifublc, except thill the transistor lei a 
injecled circuit needs lo have a higher cut-off frequency thun one 
itscd in the corrttpOjJdang eimtier-injetlvd ccrcniL 



-Ch¬ 


ose. 


rig, 43 


mrwTMwi. 


Correct ir^^kins- of the acrid- and oscillator-tuned circuit in 
maun min the conslant i.f. difference m frequencies can br obtained 
b? uiLnj * liming capaeijor wiih specialty shaped vaties for the 
as*;i]laci>r circuit; or by a convntiDiuil padded «pflcEtdr. Stray 
capiui'i tJincc between the burial nnd oscillator sections of the limine 
capodft&f can form a pith for cm wanted Feedback fcsEwcen the two 
ih.'"iTi. «-.i ,■ mtm ii h i .siu phuect bitmen the sections i» 
ptevens Ihis. Stray cap^dumcc elects can also urise between the 
wire* connecting to Uil- wuvechange switch, \q chc*^ must be kepi 
fl* short .is possible for if cumpietely irvofpcirilftcd on the primal 
circuit,, the circuit elements kept shun and wdtt spiced, lo ch minute 
c-ii purity effect*), 

ball ca bc% r^rd3vss of the type ^f ofcillflton: and; mixer, the 
first Lf. transformer receives a mixture nf local oscillator frequency, 
signal frequency and Che sum an d etrlftnenve of the two. Tt h there¬ 
fore necessary to u^g ii capacitor raws I he primary to produce ilh 
L.C. circuit to fwoftilie at the i.f. I his c^pucitor is of fixed vilttt- 
{in inched to ih? induclanct of ahe cqE when any adjustment 
required for alignment as provided by iLd EneunfiM core in die clmI 
enabling the inducSancc to be varied over ihu itrces^ry range. Onet 
the overall LC. vaJu* has been adjusted Id a resononl frequency 
corresponding to the i.f. the tuning remains Jixed. 
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Output from this stage is an tt.f, modulated high-fr^qucncy signal 
nt the intermediate frequency, which has p(to been subject to a, 
degree of amplified un, Addrilifftrtl flimpliCicadCfl h then provided by 
the i.f. ampliher, which may tttnSrrt of l P 2, or 3 slopes, depending on 
Lhe performance required. The common choice Li P*o i.f, singes and 
the circuitry involved L» usually quite slxdgjhlftlrwird The Iranststorfs) 
rmiy be used in cither common-base or common-emitter ennfigm- 
Dtion, the latter usually being preferred as providing j higher gain 
pcf atege. 

A single ML stage would normally call for the use- of a double- 
lunt.ti Iransforirccr, whereas with two or ihrec si ages of i.f, jmpli- 
ficnljon jingle-tuned transformer! may l>e fully saiififatf nry. 

The i.L ifarwformer pr^vldmn lhe input maslbecwrtttly mac died 
to the rnpui impcd4HKu t«f cht iranoiituf, and similar ca.mdinon» apply 
lo the transformer used ul Lhe cmtpul end; ke. ihss Second tranv 
former has to be malcbed to e high-output impedance und e low- 
Enpul impcdunee Lo the next stage. Mis-matcblng materially reduces 
lhe gain. 

In place of L.f. transformers a component known os a tnonsJULer 
may he used. This, basically, js a picjEO-eleetric solid-stale device 
pomptEsing, basrealEy, a crysLul clamped between two electrodes. 3t 
will then resonate at one frequency nnly and input and output 
impftJanw ehanctcftitio match th L - rwjufrMntoM ijf cIls i.f. tr; L iss- 
fomwF lll|t TrnnsfiHfir^ can, thtr^foTt, be uied in place of i.f. 
iTnnsfornwrjs with ibt: ipedfic sidvsnttiLg^ ihai Ghty requirt m* tuning 
(thrir nperiiliTig frequrm^y hpins fixed) and if miinulilcluned in ^ 
required i.f. frequraey considerably simplify Tihgnmenl problem*. 
At the prerenl slage of dcvdopmenl, nowe™ 1 ^ IransJitlrrs hav^e 
certain Limilnlions and lhe majority of suprrhet designs ara si til 
baied on the uee of Auned i.f. transformers. 

A typkal single-stage i.f. ampLifter circuit is shown in Hg. 46 
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employing a d mi He- tinted transformer (FI), Tbc collecCer cutredl is 
normally stabilized by a potential divider Ki and R2, and □ suitable 
resistance in the emitter circuit. AulomaEtc gain control lag.c l may 
alsev be introduced to prevent overloading on strong signals. This 
is gpp]i?d from [be detector. Fig. 47 shows the somethin simpler 



cjncyury possible using the transistor in comnKm-b;i!*c&nG$¥r^li^n F 
the Other advantage here being ghat with common-have ConutfliEon 
Ehe -Cur-ofF freq uency is much higher for a given transistor. 

Another hnsiL single i.f. s.tncc- is shown in Fie. 4H, which is similar 



A complete circuit using an OC 45 is shown, in Fig. 45 . 

where the following componenl values apply; 

Rl:21 Iritobrus 
Rl: 4-7 kilohms 
R3\ 1 kilohm 
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M r 5 * kitohm* 
Cl: M i 
Cl; CK25 iif 
13 pF 



A fall in gain with frequency is experienced wish all transistors 
and thus limits, to some extent, the usefulness nf tnwwtitnn for h.f. 
Hie gain in a eommon-emilLer circuit In I k- h.iiI nwiru rapidly with 
frequency than with common-base coutigurad^n, so the cutoff 
frequency of the transistor chosen needs 1o be w?jf ib&ve riie fre¬ 
quency of operation. A stage gain of .25 In 35 should I hen be 
obtained with a suitable choice of transistor (e.g. GC45) P there 
hcifl| Home inevitable losses through coupling and ndsma idling. 

It alio important at high frequencies that the interna] feedback 
of cht [ffiPsULnf duLNsld be -nul: and not subject to loo great a 
Spread, id though mwiteJ feedback can readily be neutralized by 
steam of feedback. 

A convention;! I two-ala^c I.f. amplifier circuit with realistic 
values based on the use of GC45 transistors is shown in Fig. 50. 
Hie matching =.i transformer* *rt designed for a transistor output 
impedance of 2H Wlohiru and m Input jmpcdhncc of HB ohms. 
Cl and C2 are bypnvs ctfpLwntCifl, Neutral Nation is provided by 
R3 and Cl, v-hich fonn -i feedback path from output to input. 
A g.c. is applied from lh= nuEpuc sidu of tbe detector. First and 
Second i.f. Ir-w-rormen can be idencitul, but the third i.F. trans- 
fonEHF is designed to have av unlwdcd Q of Lffi with the load 
resistance of the secondary smiticd 10 mamlnm a liability factor of 
J^ur with m bandwidth of 9 irr/j and us-iogd gain of 34 dB. If necessary, 
the required stability factor of fou r «a be reared (e.g. if the output 
resistance of the miaer sCbkc rises flbovt thfi design 2ft kflohms 
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■W^r 


Fii. 5Q 

miKdl) by ^nnccting a 750-ohm resistor acr m* the secondary. Chi i 
will rcsdl in a Loss of gain of LLil l order rtf 2 dB on the circuit shovra. 

A diode is normally uu:d for the detector ^liige and the circuitry 
]s quite simple and convemioniLl- Pig. 51. A steady voltage La 
devrfcoprd aerass Ihe vtuiaMe rcriJtlWc (tonally shunted hy j 
0“01 m F i^afMici to j U which act* ns ihe loud (or the detector output 
and also- forms ihe volume conlrol, and ii fed hade to ihe Hurt i,f, 


qvtfvf 


Fi«_5l 

transistor to give i.|r. The :srnall forward biai applied lo the diode 
by the a.g.e. cEnsuit helps mnmlicn ihe inpul resEstariee of the 
delector constant at d| tjgnal lei elf. Al Ihr same tLmr this small bias 
applies constant ]ofldcn| id the i,f, amplifier to improve efficiency of 
detection tin small smngtbs and provide liability. 

Some designers prefer Hi w< an r.f. transislor insLead of a diode for 
the detector,, as this is capable of providing ampEiftcalrou as well aa 
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dertiodutatlciiL A tiurfiLce-barner transistor oilers a superior per- 
forma ace to a eon n?nlirtuat junction type- Ait ibis particular duly 
rhe basic circuit normally follows thsit shown in Fie. <1 The 
delator may &1» be made regencraciv« to provide further Lt. gain. 
(e.|t. for use with a single stage of l.f. ampLBcatiou) hy nne^ms of a 
Feedback 


The back end of the superhel circuit then consists of a driver 
stage nod -Hi output slage, eg. a compete audjc^amplifier end H ihe 
Dulpui of which ie designed to provide I He power required. Tliis may 
™*P from an Output power of 1 milliwatt or less for driving an 
earphone an il miniatuje raedvet lo aboul SGO milliwatts frtr driving 
a vijuiJI speaker; or up to J wans or more for diving 4 huge speaker. 
Thif. m turn will ijifiucn&ii both the choice of circuit and lype of 
transistors employed. 

An elementary a.f. ampliEer stage need consist onl y rtf .1 minamum 
oi components, as shown m Chapter II, Fig. 21, when? the oulpul 
pivwzr would be of sufficient power to operate a drtFnid earpiece. 
Additional amplifier ttagei cun be built up hi 1 H 1 manner, direcliy 
ciiupted, giving a good performance from an ^(nrmely simple, 
sintightrenvard diemil, as shown in Chapter IL E'igs. 22-2-1. 
Effectively the cvtaal gain is equal to the product rtf the betas of the 
ei amber of transistors awd, allhough three Lrim^isnirs Ls a logical 
Limit for [his cype of ciicuit. Stabilization cun be provided by feed¬ 
back from the collector of Lhe Last transistor via n Suitable value of 
neristor (e.g. of (Ise order ol 10 fcilohmsh with Cl uclir«K us a bvposs 
trt earth for aX 

More commonlv, however, a single stage of a.f. amplification is 
followed by a push-pull output, as Ln Chapter II, Fig, 23. Here Ihe 
driver transistor FI [is -taleclnl for high. gain wills ihe rtulpul loud 
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fanned by Ihc primary of d phase-splitting transformer. The two 
matched output transistors 72 and T3 then -comprise a push-pull 
amplifier with Input LEO degrees out df phase., bo that each transistor, 
In turn, amphfirs alternative halves or the signal. To provide 
satisfactory reproduction, a small Forward bias is aJso usually applied 
Eo each transistor in order to eljn.iino.lt "'LmBiovcf 11 distortion. 

The particular advantage of this form of oyinyi I* high ecfieieney 
{of the order of 75 to ftfi pr «il B compared wish about M pur 
chic for n itritjht" dwuStJ. This imam a low parent drain whtth 
iii pHtfcululy favourable with buLEery ircci^n, Another udvunitLge- 
It ihm ic is capable of producing a much higher output power for 
the ?ame lype tif tf-mi^slon used in the “straight" conti guraUori. 

1 here are many variations possible on Ihis particular Lheme, such 
af the use of a centre-tapped loudspeaker of ranched impedance to 
■eliminaLr Ihe speaker transformer; designing for single-ended output 
Eo avoid using a cenue-tapped speaker or speaker transformer: or 
eliminating transformers entirely (usually by employing an N-P-Nj 
and P-N-P transistor as a notched puah-p::M ObipiU V.nri Ft^eiriiflii 
of an taKnUffl coupling (driving transformer is howw, nmtfc 
psyalp wlien the OUlpUl Wigs rPUy Or duty not be "sm^e-endud," 
with or without ft Speaker iFiinsformer. A single-ended output with 
dired connection In i he speaker is usually referred Eo us a Lrjnsf- 
Fcfineriets Oulpul. 


CHAPTER Yl 


PROFESSION A L CIRCUIT DESIGNS 

IVefiisi thr superhei circuit mint comprise, basically, standard 
alages in logicaJ sequent tlicng is Etle chdce of alternative drofitt 
for rhe individual stage* (with the exception of the dtcrccor Alfigp, 
which is almost invariably n diode Feeding a potentionvcler lo^d in 
the cum of alMrjinsi^or receivers, although a transisujr d«treEor 
can be used U and considerable possible variation in dciiil design, 
The final proof nf value of the complete circuit is iis perfnnnance 
and so r:uher lhan detail a number of possible design vnnanLs Otis 
chapter describes three proven designs from wichefitUtSw sources 
as representative of modern aJI-Lran^stot ^upcrhcl circuitry. 

Mvuup fi-TAANsmon Racnvin 

This design was develmped, basicnl]y h lo provide a perfarmane* 
equivalent lo that of n r^Vihe portable receive! using atloy- 
juiKlion tnitki lots ilnd A single 9-volt battery wiLh transformerl^S 
push-pull output, Thr circuit is suitable far making r.\ n ttledium- 
filft portable receiver with jl Ferroxeube rod aerial, or in miniature 
*i?.x sf preFcrrrd, The standard L.f. frequency mf J70 £c/j is used with 
l he local oscillator frequency above the signal fwquetKy (see page 
17). One OC44 and Iwo OC45 transistors arc umJ in I he mixer and 
i.f. vlages. The drtector is a germanium diode lype OA7Q. The 
audio singes comprise one OC7| [rangi^lor driving a mulched pair 
ci"' CXJ72 tronsiscons. 

The OC4-5 operates as a u|f-OKfllRlllig Tfiiirn with r.f, signals 
from the aerial coupling coil fed into Ik base of ihe OCW r leading 
lo the- generation l>F lcca| os^ill^Uoti Feedback From Ihe collector 
lo the emitter. The i.f. Is selected at the collector of the OC44 by the 
first EJ. transformer TJ. 

The i.f, amplifier mmprlttt Fwcp e>C45- cotnmon-etnittcr circuits 
operating umhi^rsiJc/edp with sic chd« of bandwidth compromising 
belwecti quality jim.| ^fcclivily. The third i.f. tnuisformer FJ is 
connettLd tLuhi; 0A7U diode detector, with the djc. output fed back 
Lo the finit IX IrflnnfnrnKr lo provide automaEie gain control, 
Double-1 lined i f, tfuniformert mrc recommended for optimum 
perfc?i-iiiflrH?e ji reffljds FrequeiKy response and image rejeciion. 

Tlse CiiLvs li Iralwformerress oulpul slage req,utres a loudsi^aker 
with a J 5-ohm tprocli coil hi provide Ihe corral load for an o atput 
OF 2fHl uMltlwalt*, wilh negulriic fcedbiKk applied lo Ihe emitter 
Of tbeOCTI driver frOTH the loudspcakeT terminal. 

61 
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Pi at iTi? nerifll rifeiuL the call design shewn id Fig. 37 (page 4-i) 
will be miUibfc, wound on ) in.-dianictcr formers. Spfcdllc&ticin for 
Ok Fcitd ifiubc rod i* FXtMi, with a size of 7 in. lodg hy | m, 
diameter. The weri&I it t-fiu-pled to the frequency chimpef by Saw- 
impedance roils plumed eidjfteail in the aerial coils.. The lOnjL'Wimc 
c*LL as shcut-eLrciuted by All during operation an the racdiunvu-ive- 
bund la avoid any damping rffect. on Ok medium-w-ave nail. During 
long-wave aperEtion the medium-uaive coil ia left openHdiriiitcd. 

All component values aie shown on the ^ircuis diagram (Pig. 53). 
Tile value of Lhe tuning capacitance is not critical, but must be 
mfljyient cl> provide the desired frequency coverage. The aerial 
secliun has a capacitance oF 175 pF and the tv^illataf seclioa a 
copnciliitice df 1 13 pF- A screen should be u m 3 bet-weerl the psdUfitOT 
und serial Mild hi of lhe Liming capacitor (ie. the timing t-ipod ten¬ 
se specified) to- be Mite of diitiinutiitg undeslred Fwdbuck in the 
circuit. The praubatily of feedback will he at iruisimum when Ifot 
receiver is tuned to ils highest freqevney, and will also be increased 
when the tuning caparilcr has ii low value (t.g. as typically the case 
with & mi mature tuning tapacilor), 

A modified version of this circuit is shnwn in Rg. 54, employing 
tt dqinping diode across the First Lf. traittforinw T3-, This retains Lhe 
crigintll feedback path for automatic gain control hut the OA79 
diode if included to dump the first i_f_ tniiifurmer- Thil diode 
heavily tuudf Ti r widening the bandwidth and tlUowillJ i. much 
larger input signal to be hantJ-l&J- 
A mmiaLuTtzed version of lhe original circuit is shown id. Fig. 55, 
again with all component vcluiCft marked. Here the output if reduced 
to IDO milliwatts driving a T5-ohm miniature receiver. Current 
consumption oF Lhis circuit h reduced From 9 mA zero signal, 20 mA 
average, io 7mA and 13 nr,4, respectively. Ibis miniaturized ancuil 
permits of further modification by substituting, a Class A output 
wiLh transformer drive to the speaker, reducing the muriki of 
transistors required to five, but increasing the buttery consumpticn. 

Typical performance Jaia 53 and 54] 

Output power: 200 miLLiwatls 
Frequency range: 

Medium wave: 540 to 1640 kefs 
Long wave: 155 io 2BG kc/a 
Bateery consumption: 

Zero signal: 9 «lfl mil lamps 
Average listening level: 20 milkamps 

CompmM data for \fuftard circuit [Fig*. 53 and 54] 
Medimti-witve aerial coil: 

Primary 64 turns 19/0021 bunched tifrndiftfon wound ini 
single layer 
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-6 luros I9/0Q2U bunched CcjDduciixri wound al 
low cni of primary 
Longwave ^rial coil: 

Primary 173 turns 34 s.w.g. rayon-covered enamelled WTre h 
wuve^Woiind 

Secondary 41 Lurns (continuation of priuiwy £QJl) 

Tuning capnciEor: 

Aerial section 175 pF max. 

Oscillator s-ecUnrt 113 pF inax. 

OsdllaEor coil (screened! 173 
Wi ridings—Mam 73 Llljh* 

C^cclnr 11 turns, 
l_.milwr 2 Eunn* 

First arjd Second tJ. transformers:! 

Tuning apwltflace 34KO pF 
Ratio cullcctnf to secondary 6: I 

Mole: for circuit of Fig. 34 with damping diode a sepiimtt ooBocior 
binding on the fin! i.f, imn^rmcr Ls necessary, 

Third i.f. transformer; 

Tuning capacitance 4000 pF 
Ratio collector Lu MOrwJwy L S3 : L 
Primary resistance leas than 100 ohms 
Loudspeaker: 

Spct^fc] coil impedance 35 dims 

CvniflaftMt data for Muflard circuit (Fig. 55} 
Medium-wav* aerial coil: 

Primary SB turns 19/0023 bunched conductor! wound in 
single layer 

Secondary- 12 turns 19/QD2S bundled conductors at Iw 
end of primary nearest centre of rod 
Long-wave aerial ooil- 

Frimaiy 3«turn* 3/0024 hunched conductor* wav^wmuid 
in three wcOrin* 

Sec on dan' 45 turn* of 3/0014 bunched conductors wound 
as Fourth-pie secLkm 
Tuning capacitor; 

Aerial section 115 pF swipj 
Oscillator section II 5 pF twine 
Oscillator coil: 

Inductance 313 jH 
Windings—Main 100 luma 
Collector 13 lurns 
Emitter 2 turns 

I,f. transformers, as for Fip. 33 and 34 
Driver transformer: 
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Turns ratio 7 £ 1 

Primary— I nductanee 5 M al I *3 miDllltlpt d^- P 
Resistance less than 750 ohm* 

Secondary resistance Less than 100 ohms p$r Wi nil iei>r 
Loudspeak cr: 

Speech eoil impedance 75 ohms 

Muiiaud 6»TKArasioR RliCTlVER 

This tircuil employ* allny^lifTK^jd transistors in the r.f. and i.f. 
stages. Three AF1I7 Lruil^iofi aee used Far the self-asrilLating 
miner and i.A amplifier itupsx, The delector is a germanium diode 
type OA7Q and the audio stugeti CHtdfl of art LFH3 audio pack 
comprising an OCH1D driving two OC8 1 transistors in a pgsh-puU 
output stage, (Fig. 56.) 

Aerial circuit comprises medium- nnd lmg.-Vi.ve wils as pre¬ 
viously de^cfihedp mounted cn a Fcnoxcubc rod. One sfccnon. of the 
luDg-WlVt toil is short-ncircuitcd to earth on medium-wave Operation, 
lo prevenl d»cnpi"K Q f the medium-wave coil. The icriiil Mgnai is 
fed in the haw of Ulc AP I 37 sclf-o&cillaong mixer and local oralU^ 
lion is provided, by feedback from the collector In the cnutlcr 
through Iranstormyr J'l. 

The two transformer! F2 and 7™3 in the Ural two Lf. stages are 
double tuned. The Lf. transisCcrt dn not require ncnlraiiratian, The 
final i.F. transformer 74 couple* I he i.f. signal In the detector stage* 
and a potentiometer ^volume control) couples Lhc detected signal to 
the audio stages which follow. Automatic C^nEn-l is provided by 

feedback to the base of the BisE i..f. transistor and a damping diode 
is uwd CO ■exceml [he a_g.o. range and also U> clump the mixer 
Collector voltage and. thus eliminate inslabitily under cultditinjis of 
high coUect&f bad impedance produced by Large iignalr. 

“WEYRAD" StIKEUBT 

This paitinilar dreuil ha* been developed for amateur ccmitruc^ 
ban to fit a printed cirtui! ha *.t SJ by in. The citraiL employs sh 
transistors and b diode J^cuurtH with piLsh-pah oulpul capable nf 
driving a 7x4 in. elliptic loudspeaker (or equivalent) with altemalive 
output stages. 

A cireuit diagram, including all component values, up to and 
Including the detector slJige ii shown in Fig. 57. Tuning condenser 
is a Jackson Brothers type "OO". The from section of this has a 
maximum oF 208 pF and TutkS the aerial coils. The rear section 
(farthest from the spindle) has * maximum capacity of 176 pF and 
iunes tlie osdllator cod. it ii particularly important that the correct 
values arc cmployTdFairEhe Axed capacitors—the medium' 

wave padder being 215 pF and Ihf long-wave pa Jder 175 pF t with n 
parallel capacitor across die long'Wave coil of 150 pF. If the giLng il 






































































































































































7tJ DEMON AND CONSTKUCTIQN OF THANSiaiOR SUPERSETS 

nol filled with trifmnen il will be to Mlffl & 3-30 pF 

Phillips type across each *ucii-nu of ihe condenser. 

This circuit is desired around WeyiwJ coils and Iransforvnert to 
type n umber as specified on 1 hr ci rcuLt diagram. Ailcraativ-c makes of 
tianslston may fee used, ns under; 



ft 

ha n 

T4 

ns, n 

At 

MulliK'd 

OC-44 

OCtf 

DCT] 

UCTZ 

GATti 

Edii-i«fcrt 

XALK 

KAltM 

XB103 

XC'IDI 

GEK34 

Ur 

XAIDf 

XA103 

XSKM 

MBIIrl 

GEKM 

ILrimnr 

TSH 

TST 

TSJ3 

TBL7 

GEM 


AX slices- to comnleie ihe receiver circuit are shown in Fig, 55 F 

utilising u Weyrad LFTDJ d rivet trafts-fcifirieT and push-pull output 



Flu. 3b 


to a 31-ohm loudjtpfflker 17 v 4 [n. elliptic, or eqdvalwt size), The 
alL-crnaijve aX strife shown in Fig, 59 employs inuh-pull output 
with si-anXcrmcT output to a 3-ohm loudspeaker with corncspcfflcfifij 
madiflc&tioiL of the l/pus, namely: 

TU: Mul lard CO ID, or equivalent, 

TS and 7b ■ Mullwd OC&I (niiilcflwd pair), or eqtthflteU, 

Output with ihli cunfLauradun ji jDC> iuilliw*iu. 



FifrSP 


jVbre: The Milliard circuits shown do not refer Id putttulnf aom- 
mcidiit nmvcfi nor ora they I'nr components (other ifum indnd*- 
tors and diode) manufactured or marketed by MulEnrd. Sum able 
printed circuit panels may, however, be available from radio 
suppliers. 

The Weymouth Radio Manufacturing Co. Ltd, manufacture and 
fticpply cC’iis and transformers and a finished printed circuit for the 
design illiLSIrated. This design is Largely based on the sU-ErarmsLor 
circuit recommended by Mallard. 


Mullaeld P-fiMeam Cntcun 

A more advanced -circuit is shown in Fig. 60, which i$ a combined 
ML/fra. ail-transistor receiver operating on a batlery vpU^tf of 
9 volts (negolive earthy and employing nlltjy-HJifFuSed r.f. and i f, 
transistors. All nine transistors are used for I'.iil rttcpEimi ud $*vco 
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£ w 


4 p 


F** 


frti inn, reception. TTiis dftEiil has been designed Id 001Tf tile 
innj(uri and tong-wave bund i on u.m. rotpik'U, and 87 to :ui 
wpeydes cm v.h.f. 

ChanjweovcT from a_m- tli f,m, reception is provided by switching 
[hi fir^P r«m« i.F. transiairtr into the u.jil miser ncid the connec¬ 
ts c*f Ih* refcmnt detectin' ui the audio stajci hy tud ichw r jy/p 
and MH-YJ, Switch FAf/C ahort-circuits the mud f.m. a_T. trans- 
fomtf during Q.m operation when tt It canned 'mq the caUcetcsr 


caradt rtf the mixer traiKiitor. The audio sfcngL > are common to both 
a. ns, and- tin. operation, the audio sigrm] from the detector stage 
Wflf fed 1o nn QC7I a.f. preampdfier J>6. The oyipui from this is 
capjdlivdy coupled SonnGCHlD cfansforjncr-enupled lo twoQCBJ 
triiiisiiinrv jn doss B push-pull ourpuS. Auditi-pUKcr output it 
50G pu| liwaiia with a [cw-impcdancc (3-ohni) Joudipgiflfcer speech 
owL 
























































































































































































CHAPTER V|| 


COMMERCIAL MODELS 

THe amateur constructor with little or no previous experience of 
transistor radio construction is strongly advised to tickle die oJIL- 
cranslstoT superhet in the form of a kit. or at leas: a design for which 
p. finished, drilled printed circuit pnod h available, By using pre¬ 
lum**! IT. transformers (of iil^rnativcIjH tr-ntsfijorn as suppled in 
some de*ijpt*>, correct assembly will ihtn at k*^l ensure i ‘TOr’kifl|” 
results with a mini mum of imuhte overalignmenc (tee Chapter VJii), 
Tbe design of an ongimilsuperlKl erreuil, and in particular the design 
and drawing of a printed circuit panel, should only be BlIempLed 
after gaining experience with one or more prefabricated panels, if 
disappointment and frusLraUon aie to be avoided. 

Kits for alJ-traniislor superhets range from fully prefabricated 
tits, which may include certain stages already assembled on the 
printed drciul panel, to prepared panels to march selected enm- 
points as *p*dH*d F all U& be assembled and soldered In place 
tether wjtli nuy uddlU^nal wiring as nHxwry- Usually printed 
circuit paiwK U?f iperilk de*isitl ar u n re-drillcd fand this i= always 
Co be preferred), but in finch ta«S It is pflnicuLftrly impOHMC ihit 
matching componcnii be used, This applies piirliruLiirly m pnnrlfi 

E urchased individually rather than supplied as purl of ;i complete 
it containing, all components necessary tor complelinn. In the Jailer 
case Ihc panel will bo designed to suit the matched set of com¬ 
ponents, with correct hole spacing to match the gang condenser, 
eio. Also an attractive cabinet is usually available or supplied with 
the kit to give a completely H proFessLDmLH appearance to the 
finished, assembled job— partkdaiEy as all the solder work is then 
completely hidden inside the case! 

Cflamricruia] ki L models available range from those which are 
*Sijemely pfrid in performance fq.uiEe: as good ax, and in many casei 
beitet thorn, JlnUhed donmlic receiver*). fo those with distinct 
LimilMion* a* fcp^rds cither canvlruclional or design features, or 
both, As A SffrteTUt guide, and aim because the dreuju involve! arc 
cflilltfflttrt And useful (o xnidy, we hawj selected a number of iM 
□irtslnhdinj model* in thb field 10 describe, These arc wprescricnnvc 
of i he bat of modern define <\ WJ) with none i>f the || mftntton* ^f 
many curlier LFftflfilJtor circuit*; ranging in s\i* from miniature to 
iCandArd pu-mble,. And from low to irinJinm-HIgh price. li must fee 
slntfwd that lliii Ktertlon li not (WKpwhenitW P and lhac nnu^ioa 
of Uny Other desist do*i fuM tvmmdxy imply inferior perfurmancc, 
etc. 
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The “Catsi** 

Th.ii in undoubtedly one of the outstanding. miniature all- 
■jah-'icE.toi super he ts designed fnr amateur consifiietioft and li 
available m lully tmffrbrfctted kis form complete wfth m*tehing 
pJastk ose, Overall sdre Is 4j x 2} x 1J in., iJae icwflunodusing 
the circuit Oil ,i 2|x2] in. printed -circuit pn-Pcl fcgrlher with a 
Z| in. -diamrlrr Jcudrpraker and a PP3 9-Vtilt battery l or equr- iilenl). 
The ciiTTuiC is designed to cover both medmin- and Jong-wave 
reception, using a self-oscLlJating mixer* two Lf. stages, audio- 
amplifier and single-ended push-pull output stage. A germamum 
diode (OA90) is used as the detector. 

The circuit diagram is shown in Fig. fil. which includes oil small 
^mponeni value*. The ferriLc rod ^rial is of the slab i*pc p with 
matching coil^ w ound Oft a papef Sleuve. An O €44 transistor is used 
u i £$lf*tigcLJJatifi£ mixer, followed by Iwo OC45 tratwialon farming 
thefinM and second if. amplifier respecsivcly, Diode dei&ctor 
output is fed to an OC^LD translator i.f. amplifier Singe and I hence 
to -a push-puU output via a matched pacr of OCHI Uansiston 1o n 
miniature loudspeaker with an bd-ohm speech coil. The circuit ai 
conYentioual with on i.f. of 470 kefs and basicoJJy simitar to those 
previously described, except for the use or miniature components 
throughout and single-tuned i.f. coils. The gang condenser has a 
maximum capacity of IQQ^F on hath stages with uimmers (C14 and 
CM) 3-10 pF, Baltcry coanceciiDft corresponds io positive cartlL 

AM&mwtmt U itraiglitforwaftl and -can he done without rhe use of 
4 Signal jc^neratur. PullojiLar ir.irir muai 9 however, be taken not to 
Prtrcighdtn Che tuniitg an ihc miniature coils as shese are 
easily jammed, resulting in panmineftt dumije to "111 coil since it 
will be f virtu ally impouiole Co remove the cope without firsi fmiMiving 
the coil from Ihc pnnled circuit: and HiruinrJy a I moil impusplble 
to remove the coil widioul damage. 

To align without a signal generator, die fiel lf tuned to I he mid¬ 
way point on the Jong-wive band and the core of £4 adjusted to 
receive the Light programme. The tuning control should then be 
turned lo come at the higher wavelength end of lb* medium-wave¬ 
band and the cores or £^ I_7, and L5 adjusLed for maximum outpuL 
Further adjustment of volume can then be made by sliding the 
aerial coll along the ferrite slab and once the best position is frund 
tbe sleeve should he fixed with wax or cellulose tape Tire receiver 
should then be limed to KfD metres approximately and trimmer CJA 
adjusted until HLIversum or Midland Region Ls received and then 
brought up Co maximum volume by adjustment of 'CIA. If necessary, 
the alignment stages should then be repealed for the medium-wave¬ 
band until all Ftalionsi are received at good signal strength. 

Using a signal generator, standard alignment recommendations 
ore: 
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7* DESIGN AND CONSTHUrTlDN Of TRANSISTOR SUPERHfcTB 

Al fa .'-i—tune in at end or medium. waveband. 

At 410 kt(i adjust 19, L7 And £5 For maximum fvutpuL 
At 600 Ae-.-'A adjust aerial C^ik (wsitioo for best result* 

At 1450 Jkf/i adjust £3/1 add CM for maximum Output, 

Tbc H ‘Capri H it marketed in kii form by Henry's Radio Ll*J rri 
JCH Edgwore Road, London, W,2; And Radio Clearance* Ltd., 
I? Tottenham Court Road, Loudon, W-l, 


Tke "Roujanc Seven" 


TWt Es a Bymt-tnfUjftor circuit for medium- and long-wave 
coverage wilh a 350-milliwiiiJ output powering *t 4 in. diameter 
speaker Baticry is 9 volts w ith a current rtmsucaptlon of the order 
of 25 Lo 3S miliiamps at average listening level. Qibiner size is 7 in. 
high by 10 in. wide by 3J in. dew, and receiver weight, complete 
wiib battery, is approximately 3{ pound* Particularly attractive 
fear arcs on the building side are euue oF construction and very low 
(i>1a| coat for a receiver of this type a nd performance. 

A circuit diagram for the "Realistic Se^fT is given m 1%. *2. 
An OC44 transistor i* UiCd for u self-osciil-il ift£ mixer, with OC4Ss 
for I he E.f, stages to a diode detector. Audio output is via an CCl] U 
transistor amplLher slug? and finally to a push-pull output utilizing 
□ mitched pair ufOCUl transistors. The ioudipadar Jins a 25-ohm 
impedance lo match. Negative feedback and automatic gam control 
are incorporated in the circuit. 

Working voltages (measured negative with respect to Hie eomraoan 
line} ore: 


Cl 

Ejtv.IIct n . h+ 1‘3 
Hi EE >ir f-M 14 
CaUficUK 1 n-+ 7 


m 

(3 

H 

Ch7 

3-9 

06 

OK 

19 

0-7 

1 

1 

54 


Cl 

a 

G7 

14 


C 

14 

+64 

O-C.5 

P -5 

S 

45 


These voltage JigurCS must be read as approximate,. 

Alignment procedure recommendaliooii specify that the uenal HIM 
oscillator circuits mutt he aligned with the S 4 t jn the cubincl. IX- 
alignment may be carried nut with the sel either in or out of tbc 
cabinet. The intermediate ffenucocy is 470 fa/J. 


i.f, aftxnwttit 

(1) Switch receiver Co m.w. and close gang. 

(21 Set signal generator to 470 kc/i and comv«* to base of mixer 
via a blocking capacitor, ,. . . „ 

(3) Aiign each i.f.L for maximum output with either the output 
meter CtmnMted in place of the speaker or with the voltmeter 
connected Across the speaker. 


R.f. aljgnmmf 

For r. f. u.1 ignuient the signal generator should be loosely coupled 































































































so DE5IHN ANP CON1TIIUCTIONI Or THANSE3T0H JUrERTIETS 


JicUtir.fr. 


C^acltors 


m 

»frd 

Cl 

lOjif 



Its F 

JE 

10 /to 

Cl 

frl |if 

U<| 


i« F 

JU 

w £ a 

C3 

P-UI *? 


m k 

J» 

»£a 

€4 

7D0or 210 */■ - 

US F 

ftf 

&so n 

cst 

250 jW-- 




« 

1-2 if! 

C6" 

12 ur 30 pF 



50 F 

fl7 

a Z Jt L'J 

C7 

56 pF 

±ij 

t-r 

125 F 

« 

Z2Afl 

CH 

01 iiF 

±EC 


125 F 


4 7 All 

«t 

250 




fflP 

B3D £1 

cm 

DM7 ^ 
L3pF 

-i-ED^ 

125 F 

/Thl 

3-9 ill 

Cil 

±Lj 

fjT 

125 F 

JU2 

1-2 ill 

CIJ 

l>l |iF 

±tc 

% 

115 K 

All 

1 to 

cut 

t»*F 



jffL4 

jffLS 

S2£Q 
i a n 

Cl 4 
CIS 

Wllif 

M4i jiF 

LL^4 

: IIJ:. 

m f 

121 F 

R L6 

M*n 

Cl* 

0022 k7- j 
IDOjt/ 

ilC 


125 F 


imtn 

CI7 

±]« 


323 F 

1*11 

b:d fi 

ClE i 

lWh/f 


IZF 

*» 

51-0 fJ 

CL9‘ 

Jffliif 



32 F 

A 1 *) 

J'7 it L J 

iTld* 

300 n F 



32 F 


Ht\ m 11 

K}2 2 7 til 

R23 IUD 

-l 10% k W rating: 


m and CT3 Trimmer 3’!.,JO pF 
CKJ sod €V2 Timbip rapudlor 
t nLorpanjdnp CT2awd CTJj 
t lnlegr.il pan af I.1-. Inuisfannen 
* Ftecrolydc aqmdcDri 


cnilHFiiClAL MOPEl-i 


HI 


10 Lbc set by a loop of iiuuJ*ied *urc ptod at a convcuknl dim™* 
from (be stL Maximum pddt up will be ^“t wilb tbe loop ht right- 
ttPgJcB td (be fcrril* rod, 


L r >.-wjrjLin 

FF u’l t frjTTu 1 

Sr^upo/Wv 


jffkur. ps^J^r 

3 

m_w r 

JI5 kdt 

CiaiVS doted 

OXL CClj| 

1 

m.w. 

1ST (yksfi Cinrx|£in«i 

KrpiUlT wjrLim I luuf* 

Ow- irinuTier 

3 

m.w. 

mke/i 

M melra 

jn.w. acrinl coil 

4 

m.w. 


230 meir» 

m.w. wrial ermuner 



RtpvuT fliwra^i 5 and 4 


S 

Lw, 

155 kt/i 

Gnni eluled 

Lw. ok. iLlnuim 

* 

LW, 

3 K) Jtc/j 

I67G irkLrb 

Lw. :±cr Lai <ud 

T 

Lw, 

27D Jtc/j 

3110 metro. 

LW. ucrud Irjranucr 


firptnf operations is and 7 

The “SmUilic Swell" nLark-:i(sd in kjifbfsn by Laik^i Radio, 
207 Edjwart Rwd, London, W,2, 

The “Good Companion” 

This has been selected as a design which hat been produced id 
both conventional form using i_f_ tramfonrifiri (Fig, w) and wish 
tronafilrers in place of i_F. transformers fFIi. (A), "five two rimrils 
shown Ln tbe accompanying diagrams make an interesting com¬ 
parison. The Mark III version (1964) again reverts to i_f_ trans¬ 
formers and is basically She s^me os thai of the Mark I with the 
u^pmn -.tf sidiic eliangts in capacitor uilvies. 

Tm Itandani dreyit [Fla, G3J witpfnyi a Philcn 2NI727 transistor 
Klf-oidllatM 1 m m sutomne dnmii, followed by Phiko 2N372S 
Etum^orf for ihe fint iPd sacothl l.f. swuk, it eunvcntiopal diode 
delccloT with ■! otilpul 10 a MuUafd OOlD driver to :i matched 
pair of OOH tnmsiiEora forming a Imnrforffiffk^ OulpUl stage to a 
}i-ohm 5 In. diameter Inudspealccr. Muiraunl power t^tpyt is 
1 watL Baltery supply is 9 volts, with a typical current COTrumpClDn 
of ID—12 mil lumps under no signal conditions rising in 20- 25 
mLLIiamps at typical Listening level. IjitennedLaLc frequency h 
470 kefs. 


YGETACIES FOR OQUD O>Mh\N50K MA&tf IF 


tr\- 


E 
0 
c 

E 

rR2-i E 

c 

"E 

TKJ-i B 

c 

'E 
TEW^ B 
C 


,-TjY ComyJrkLru Mf .f.Vn l4>v 

CM* 1*1 

1-3 

5-3 4'9 


A'ia ^e*af 


JflF 
L-2 r 
7-1 r 
12 V 
I J V 
1-3 V 


1-3 I* 
3-6 P' 


tm 

0-2 v 

73 


E^tpi siaics the following ccndhkirp woe 


1. Yefthtfr- in*ao«* whh i -0 kHobm* per i-aLi, 
inner (IQ-votr nuiBsJ for fcictery ewin^e. 

2, Britor* vpIult (m towi] fi t K 
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Cl Pin of panj ccndcflia 
O S.R.C 

Ct !Wi>F±l% ErwTjfm 
^SUBP 

C5 fr(H uf± 30% 1 SDK Eiunla Mia 
MuliSu’-il 

a wpjtf Pnn oice 

Cl (H>l iif-i-lD'i t MK Hunt* Min 
Moldmi 

Ct B'lrF ilOS EritTyps- 

P10MF 

C°! Tort Of gUflg eondeiww 
CIO -HM/iF Nirt ciF £.7 

CH a CM ^lT± 3D% 1JOK H unH Min 
Mnliiwil 

Cl 2 004 jiF± MTi L JflK Hiuin Men 
Molikeil 

Cl 3 SiiF 6 V EltaraljiiE 

Cl. i>* t.™r r 

CH 400 j>F P*nofil 

Ctt i 400 pF K-in cir U 

C|T frO* |iF±30% ] »K H JnH Min 
M-nldical 

Cl* 11 pf ±5% 

CU ISOuF tlKF.kcwDljrtk 
CUE 150 pF Pnrlofiia 

Cll 0i3-l .iFf HJ^ii iSCJi'JSun-jMin 
MaUraL 

C22 M2 ^±:20\ I WHmUi M la 


MdIlImsJ 




cu ™^±zn 

04 h -J. F 
n> 1«|*F 
0-5 lllfiji/" 

cxr n-2pf tio^t 

ci I tj*f ±.wx 

09 10 jf lUHt 


IW^HunciMLn 
M^klxuL 
P r Ebaroijli: 
HVBkdBviytig 

iZKEiKtrriytte 
Brit Type 
pjtHmP 
Erie Type 
TNT5MU 
Sidled Type 
IUJO/D 


Jtl 


TrinalHor OC44 


jra TnmlrtorOCU 
Y3 Travel hi «nr OC-15 


(MiiBud) 
YulL t>W 
fMulllEd) 

Orniflfl 

iMuliljtfj 
Blue 

Trflflfll'UCir ftCS^EHMullHftT! 
TriiiWW QCS3 (l*hiIHrd5 + 
THLMHM?* OCS] (hfutiflrf* 
'Mu-died pair 
TE2* Tfirnrw condense/ 

Pnn n-f panH 

TCS* trinmer candcnsfil 

FW- pf pmi 


A4 

^5 


iV nri - fVufelh C/Pf 9 

5Cfll tHcnle OAT9 JMuIbrd) 
DlfideOAWtMJliiiSj 

Tl Trtfi*Ton'.»er (prinied catull 
irjjumnyJ 


CW& 

J J, \ FErrilE t«l Kfw! assembly 
U “1 

i 4 iOKiL'uLjr ted 

W J 

'• P9flfctwu*d B.F.T. 
Dcautle-CUJWd l,P,T. 
Sni^tuiwd I.F.T, 

AffjwlApwimi 

Ufl LmjdaiSHher 13 i3 imp. 

KJ?1 PoLeml iLwncrer 3 k Cl Kmi-ki 
SW 1 Swiltil 3 pfile 

2-wlj Mw/dump 
5W1 Qn/od rwiidiL Pul or VR1 























































































































































SfA DFSECjN AND CONSfJtLTTION OP THANSUTna supiEHEfJ 



1 E 

4-3 1^ 

J. 

TRiJ 

! b 

^■4 r 

4. 


L c 

0 6 V 


' p. 

do r 


tRj^ 

: b 

0-L V 



L c 

4-J V 



No MgruLl LnJpul. jwilEhrf 

frequency end of travel. 


Id m.w. be low 


(HWtWmillH rta 4, 3, anJ fc. whkb arc ±20%. 


The "Good Companion" receiver is designed and marketed by 
Electronics (Croyth m) bid-, London Road, Croydon, Surrey, 


TfcU 

The “Cnjiu-ssii 1 " incoriporatcs a conventional modem ii*-rr:msiviiir 
circuit v. jih a frequency coverage of 53ft ktf j to 3620 kc;s on the 
medium-wove band, and 160 kc/.t to 170 kc/i on the long-wuvS 
hand. An OC44 iTnnMstor i i iiv-jd as a scIf-oscUIating mixer l oll owed 
by two OC45 tflmdMott for Uk fust .md second i.f. stages, with 
output to an OA7G diode delrctOf. A.f, output from the detector 
i! aye is fed lo on OCV1D iiud io amplifier and i hence to a matched. 
p;n r of OO 1 transiilors forming a Bintte-emiod push-pull amplifier 
wilh i ramformerless connection to d 25-ohm loudspeaker. Negative 
feedback and automatic gain control are incorporated in ilte circuit 
and a second diode fflATl) is used Lo assist the n.g.c. and also (0 act 
ns a variable damping element (see Mullaid circuil of Fig. 57, 
Chapter VU, Mattery it 9 volts, centre-tapped. Intermediate lYe- 
quency is. 470 kefi. Cun cut eriJUum|?Lioti an no signal is of the order 
of 15 nulliamps, r '-in is (0 23-30 mil I jiunps at average listening level. 
A circuit diagram is given iit Fin- 65. 

A particular feature of ihil kii i' that all components used are 
Specifically designed for printed circuit assembly, mating for very 
envy assembly. Performance is of the highest order and alignment is 
seldom a. particular problem using double-tutted i.f. transformers 
fur the first and second i .f. slage-s. 

The “Contessa" 1 is marketed in kit form by Radio Clearances Ltd, r 
27 Tottenham Court Road. London, W. I 


The "iitwovpt" 

The “SIcyTOver’' is a seven-transistor sti-warcbond receiver 
designed to cover 520-1670 kefs in the medEum-wave hand: 
31 04 metres in the short-wave band; and alio the 25-metre, 19- 
Fietre, 16-metre, and 13-metre short-vrave hands. A circuit diagram 
jg given in Fig. 66, the transistor line-tip being Aflll6 oscillator; 
AflU mixer, OCH1D audio-amplifier and a matched pair of QCS1 
tmulMar For Class & push-pull cutout via mi output transformer 
to fl 35-ohm 5 in. diameter ImrdspeaKET- Ppwti out put is 500 milli¬ 
watts. Battery supply is 4-5 volls, w||h u current eonsuntplion or 
2ft mLlliamps at no signal, rr'.in p: to 4J mill is in pi at 50 milliwatt 
output and 120 miitiamps nt 500 mi lli^utES output. An OA9Q diode 


CQ M M F.U n A t- MDDJiLS 87 

is used 36 a detector and a second OA79 diode fur automatic gain 
control damping- 

/iiijpvfttnl Data 

R.f, ofijurwitr ■ Set cursof eu gang max. marker {left-hand end of 
scale! with I he toning j$ang sl-i for maximum ciipudteimte. Inject 
signal at telescopic antenna lead through a 20 pF capacitor. 



fHqwnry 

Cufjflr Bffjjrjorr 


DC I 

\mtxft 

P^J 

BC OK. Wfl iod 

ih^noi wi3 (U) 

\?Q0kt;i 

Triju 

BC Cta crkTimer 
□iiii AHlC 910 « Irimraf iC 5 ] 

sw 

|' 

Pud 

SW OW. -Mil 
junm COil \L2) 

9 McA 

Trim 

SW Ok. trlfTliTbfr ilCI^O 
and an-enna ultfilW tC7} 

B5d (2d 015 

■ H'fi Mia/i 

GiUbra'Iort pip 

KC Ok. L-imracr (£4*1 
and -Lnicnnj LriinincT ■ CU5 

ISI(E?fll5 

1M Mc/i 

Calibrullull pip 

Osl iTimmn (C^8l 
and jaleniiD tricnmrr 

SSI C Ed eu) 

17-7 Mc/S 

ralihralLun filfi 

BS3 Ok, nimmer 1 ami 

nrwcniw mmrnET iClQ\ 

U4H3m) 

■21-2 M(/s 

Olilinilion pLp 

D5+ Ok rrimmer iCKi) and 
mini :m irlmrw (CH> 

■ Opcillncur LunrJ brio* Ctlfflff frcii'jnicy un 

Ihia bzmil. 


Output mrter; Connect a 35-ohm output meter in place of interna! 
loudspeaker, of • 2ft,000-nlim vollmcie*, set to a Low I.C, voltage 
range. across Lhc internal loudspeaker terminals, 

Audio check: Iryttt n I kc/s signal across the volume control! wilh 
[he control set For maximum volume. An input of 10 mV should 
glva an output of 50 pnH'', or 1-3 volts measure* (HI (he UVvoLl range 
of 4 Model I Avometer (sec Service Note Tf 

/,/ aUgnnuiri: Switch twelver Lo BC with the volume control set 
fwf flwtlmum volume and ihe tuning gang capacitor ret Tor minimum 
capiicilnmje. Tnject a 470 kr/t signal, 30 per cent amplitude modu¬ 
lated, through a 0-1 i*F blocking capacitor connected! wrosa the 
autennn red ion (Chi of the toning gong capacitor. 

Peak IFT3, IFP* IFTl in that order for maximum output, 

ScTTfer .Voter 

FauJl-Budrni may be earned Out in the usual way, but the follow¬ 
ing points should he particularly noted: 

fl) Apart from total curieui Musumption, no other current 
measurements should he attempted; check, current by ettcuJaljon 
from measured vohage-drop acri^A rtiistors. 

<2> When ;i signal cenerator is for circuil checking, use the 
direct output and tniect via n d.e. blocking capacitor. A D-1 \if 
capacitor should lx 'used when ch=L-kiiig the Lf. dmiilt and the 
signal injected at the aerial section of the gang or VT2 OP \ 13 base 
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C4 
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£W infEnna 
LrimiTitr 


Flfi, ** 
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JO 
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+80 

err mi ilF =20% 

C?H 10 ^ ElHlMhlt 
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«3 mpf 

CM Q4I |*F+ 50-20% 

C» 34 Jf d-]0"i 


cm 041 I*r+M-»X 
CM 'Art ±13% 
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I nmTTW F 
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rrr 


“"Si” 



012 J M,nF 


OIJ 

m 
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C4H 
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DS Dtc. 
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Ml OK. 
Uimmcf 

Ettlwe. 

IflmiKJ 
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Uimini-f 


C SO J 30 pF EM u*r. 

Iruiunn 1 
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- ti-wiv lnrnmir tank. Pori No. 
ZHHJg. 

+ Tuning p.nji: Part No. Y'jflflZZ. 
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On/Off miaii rs^ / 
WartCfeBOBB mlcfa (Si A-175 ^ 
TdSKOJitC HnlfflRA NfllS 
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$0 DESIGN" AMD CUriJtfiUCTJON OF TR ANSI SI PH lUPERrtETH 

tircuLl*. For audio check. Inject signal 8d©» volume control Ea 
which case the “live" kad should be blocked hy uii nf capacitor 
and output meter not earthed. 

{3} I"',irernc care should he taken when unsoldering Of soldering 
transastoRf AS they can easily be damaged by eactaXiVC heat, The 
lead, wira of the feplanjriiLJLL transistor must not be shorter than the 
one removed. Du not apply the iron For longer Hum necessary and 
grip the wit* with a pair of pliers, to reduce heal conduction 10 the 
transistor. 

The ^Skyrover" is designed and manufactured in Lit form by 
E.asky's Radio Lid., 207 Edgwure Roud, I iindon, W.2. 


cumtii vni 


TESTING AND ALIGNMENT TECHNIQUES 

Basic equipment for the checking or Iraling oF transistor rirtulU 

pomprisesl . „ . . 

(!) A universal meter capable uf reading voltages up to 15 void, 
ohms and current tip to 500 intllkmpa; or, separately, a vnltmeler, 
ohmmetex, and (less essential) a niilliairunetcr. 

The unlverad meter for voltage mtasuiement (or the separate 
voltmeter) should lim a resistance Of at least 20,000 ohms per volts 
and, preferably have a range of scales Fur accurate measurement of 
Email voltages, e,g, 0-3,0-t0 and 0-15 (or 0-25). 

The universal raelcf for resistance mea-surc mcnl (or the separate 
ohjrunetefj should have an output terminal voltage of not more than 
1-5 vnlls, as a higher village could cause damage to transistors fir 
miniature deeirolytiG cnpadlora when the «neitr probes or leads 
are applied to (he dnaiit. __ 

The miLliarriimctcr is useful only For measuring the total cutTfim 
drain on the battery, the normal reading of w hich may range froth 
ab*ut Id nillliantpfl up to 100 milliamps or more, depending on the 
circuit design fuiljna a range of *:alc= (such as il provided by a 
universal meter), u tingle range eff 0-100 miMampS will be suitable 

for rfuMi ctrcuiti. ... , . . r , 

riil A signal generator capable lT producing audio-frequency 
signais and also the intermediate arid radlo-frcqacod« it il necessary 
tn explore. with provision For modulation al and it^ff equenriea. 
Where separate a.F and r f- signal generators are employed the a.f. 
general or should hnve an impedance of ihe order of (>00 ohmis, 
which can be Ted directly into the top of the volume conuol of the 
receiver through a 0-1 v-t' capacitor- m to th* base of it irauistnf 
through a lO-kilohm resisnu and a 1-iaF isolating capncitot 
The r.r. generator should he of low imptdatwe for the order of Ml 
ohirifi output impedance) And, in general, crirl he Ted into- the bfW* of 
ibe Lf. transistor or miner transistor via a 0-5 -|aF capacitor. 

AlconHENT 

Where no signal generator is available, alignment must be carried 
out using broadcast stations as the source of signals. IF an output 
melt: with un impedance uf around 25 ohm* Es available this shooId 
be connected ih place of eltc loudspeaker; or alternatively a high- 
Pfoitance volimcier capable oF reading B 1 or 0-5 volts a.c c-irs be 
connected aemss the speech coil to give u visual indication of mitpul 
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signal strength. if odElm lyrt meter ts available, the output 
signal siKTigih musr be judged aurally. 

(1) Aerial. and ostiUnlor trimmer! should be scE to approximately 
the mid-point of their Travel and Lbt tuning contra] Then set to Line 
torrent position far a locaE station, preferably icl the middle of the 
m.w, band. Turn unbone ddelUoL to a maxi mum. Adjust, the oscillator 
•core to bring the station to the correct point on tbr tuning scale. 

(2} Turn cho receiver so that It is oriented in the direction which 
give* minimum signal strength, Adjust i.f. transformer cores for 
mifckttlruim output, (Note: if necessary*,, teduce the volume via the 
volume miral k> a minimum audible slm^l before ndjusncienl as 
iE is easier to ;ud^e an iflCtease in ^Ifengib of a weak signal aurally 
than an increass in strength of :*= Strong signal A msCer wuU give a 
more positive indication regardless of the original signal strength, 
but at high signal levels The true output may be modlJied by the 
effect of n.g_c_ action), 

(3) Turn: la the high-frequency cad of the m_w. band. e.g. Radio 
Luxembourg on 20! metres, and adjust the oscillator trimmed to 
bring the siaiion into tunc consistent with the scale calibration, If this 
prove! dillkuU csr ItmpwiblE, try adjusting first with the aerial 
trimmer followed by the oscillator trimmer. 

(4) Tune in ihe low-ltaquuiw tnd of the nvw, band, e.g, a 
station around 5Ut) and re* *uefi M the I bird PrcpJSK (4*A 
metres! It should be posable to adjust fur muxi mum Signal by sliding 
tbe aerial coil along the ferrile nra. If not* Jl mny be necessary to 
adjust the osciLLflior trimmer to get agreement with the scale calibra¬ 
tion. 

(5) Steps 3 and 4 must then be repealed until an optimum adjusL- 
bient h. realized where adjustment or one end has no effect cm the 
Other, 

(ti) Turing on the long-wave band is not likely to be critical and it 
al usually only pesessory eo set die tuning condenser to Lhe caLibrciW 
position iind adjust the noddpn of the long-wave aerial enit oh the 
ferrile rod to bring in [he stacinn at maximum iLrength (or Adjust 
the J<mg-W 4 ve Serb] trimmer, if fitted). 

The technique may ^ry Jighily with differed designs of rc- 
eemn and where Ipedfie llWtraotloiH arc given wirh dmiiti ihraW 
should be followed, Aliffiftrat insmicltpni for the ‘XodieBi™ 
circuit* for example* using) bftwdais! itatieni instead of in signal 
generator are as follows frefrf 10 Fig, 65 fcitcuiE component 
identification); 

(1) Tube to n strong load Vtalian by m^ihV of lhe gang cod- 
denser. Turn volume control io S miuiinum. 

( 2 ) OricaLaLs the printed board and serin! far minimam audible 
output. 

(3) Adjust £10 for maximum output. 

(4) Adjust I8 h L9 for maximum output. 
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(5) Adjusa V. h, £-7 fur maximum output. 

(6) Tune by means of lhe gang condenser to a station whose 
frequency is in lhe region 540-GSD ic/r. Orientate uv above for 
minimum audible ouLpuE. (Tlik is eo prevent the a g.c. action masking 
lbc effects of adjustment.) Adjust IS for maximum output. 

(7) Tunc to a station in tbe region of 1X0-3640 kefs. Re-orkntatc 
if necessary. Adjust TC9g for maximum output. 

(B) Repeat operations 6 and 7 to ensure correct coverage. 

(9) Hold tuning dial and set calibration, corresponding to wave- 
length uf station selected for ^puiaiion G P Adjust Liu for maximum 
culpuL 

( 16 ) Hold [uning dial and set ctlibriicloft eor responding to wave- 
length Lsf swtion w=loCiffl] for Open tin a 7. Adjust Tt '74 for maximum 
Output. 

(11) Kcpt?:jl GperslioTis 9 and 10 lo ensure muaLittuiri traekini, 

112) SwEtch lo longwave band and tune to a Ideal rial ion, Adju-Vt 
£2ih for maximum oulput. 

Where a signal generator is available, the i.f. slagra and si^ii;il 
clreusc are aligned sepaiaEcly. in both cases using an outpuL po^er 
meter ox a.c. voltmeter connected across the speech coiil (speaVer 
terminals), Before attempting alignment the volume control should 
be set ip h iqinjpiitm in order in use the I owes! signal from the signal 

f Herat nr tort^flcfal wilh il rgoAOiLuhle nut put; c.g. 50 milliwatts or 
wit a cm* ihc speech coil. TWs *wids n..g..c. action. 

Frtf aligrtma tbe i f. Stap^ Hh aignat ia set al the \X (nonnalEy 
470 kc/s) und uaunlly applied Lo ihe biifkC ewo L.f. [mnsistorH and 
mixer h in lum, working backwards fi.e. scariinK mih the second i.f. 
trunsisEor), Tbe comspcmdlng i.f. ErnnslfbMter COtes are adjjusi&J 
Eo maximum output, in turn Tbe signal h injected- usiog a Q'5 pF 
capacitor and an &20-Dhm resistor in s^nes v. uh Lhe gEnemcot nut- 
pul lead and never applied directly. Alternatively Ehc whole of ihg 
alignment may be carried out. with a radioung loop oulpul from the 
signal generator, os described for aligning cite signal cimuE (see 
later). 

Having peaked Lhe i.F. transformers, lhe circuit is switched EO 
medium wave, the generator set Eo a typical low frequency (e.g. 
54Q he/*) find the oseillalor trimmer adjusted for maximum ouLpuL 
The tuning capaciior is then set io minimum capacity and tbe 
signal generator lo a high frequency (typically 1640 kc/s) and the 
s&Cftnd (mixer) gang trimmer adjusted for maximum capacity. These 
tw& stages are then repeated, as ncccssaiy h for optimum results. 

For alignmcni of Eh^ signal circuits no direct connection is made 
but lhe output or Jive terminal or lhe signal general or is connected 
eo a loop of wire consisting of two or three Earns approximately 
7 to 9 in. in diameter wilh a scries resistor in rireuit or 430 or 390- 
ohms, The loop should be situated about 24 in. from lbc receiver 
fcrrlEc rod (Fig. 67). Normal procedure is then: 
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(1) Set signal generator lo a law m.W. frequency (e,g, 600 
and tune gang condtDier lo the corresponding position on the scale. 
Adjust aerial coil pttitlqn or aerial trimmed ftr maximum output. 

{2} Repeat wilh the ri$fld SPml* *1 c& ft high hlw. frequency 
(«.|. I 4 hQ0 kt/M and adjuil gang DomfciKr tltow for maiiimml , 



(I) Equipment required: 

Output meter (SDUKCt across speaker). 

Signal generator. 

Radiating loop, made from ordinary phtitiehflBWMd wire 
6 ft Long. Wind imp A 6 in, loop. 4 iums, conlK^l a series 
resistor of 390 otulii. CnnM the other end of iJw Kftea 
resistor to the livt terminal flf the sLgnal generator, 
Situate the loop 2 ft front Ihe ferrite rod. 

(3) Sel radiio to ra_w H gang ctflKd. whine fully up. 
m Set tipu d generator to 470 kc/s, 

(4) AdjiUE cores Of IFTU 2. J for maximum output. repent until 
no further improvement can be obtained* 

f5J Set or ill 7, Adjust signal genera I hr for an output, nt 540 fre/j, 

(fi] Adjust the care of OT1 for maximum output 

{7) Set Li for maximum oulpuL 

■fS I Set tuning jiftiig For minimum capacitor 

(9) Set rigrtaTtinterator for 1640 kefs. 

(10? Adjust Cm for maximum output. 

(II) Adjust t"4 For majiimun output. 

112) Repeat J-11 until no Further improvement can be made.. 

(I 3J Switch IP 1.W- 
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! L4) Wills gnnft closed ftod in a. signal 4it HM3 kc/y 
E5) Adjust CM fur itlA-vintum output. 

16) Adjcitt U fur maximum output. 

(17) Set gang fully open, feed in signal ml 2SL> kt/s. 

(3E> Adjust C5 for maximum output. 

£19) Repeat 14-IB until uo Further improvement can be obtained. 
CtcEticiNu Circuits 

Normally ihe most satisfactory check for a newly Rswmbled 
circuit is to fluike absolutely ayre that oil coinpono.L& have been 
coirecLly AfleluUed mnected, paying particular aLtentLon lo 
the positioning of ilk kpdl of i/acuditoflt and also checking lhe 
battery ii connected wtfh ihif certftCt polarity. A careful visual check 
should also be made of lhe printed girL-nic to see that it has not been 
damaged and that excess or loose solder is not bridging any of the 
conductors. These checks should be made before switching on to try 
the eireuis for the firil iimr Unless there ii fl. wrong conncciion. or a 
component is faulty or has been damnged in assembly, a M corn- 
atid-rci jf drcu.ii will Invariably work. 

Th* current drain of the receiver can be checked InierliRg a 
0-100 millioamnetoj in one oF the battery leads. Inking to 
preserve the coim:! pnlaracy i Fig. fiSj With the set switched OB 
under quiescent tiu-f*igoAl condition—i_e_ not tuned lo a station— 





the current drain should agjee more or w-jih ihe quoted Figure 
for ihe circuit design [see Chapter VII). Locking sudi dfttm ft Figure 
of ftbout 10 to 20 mi]liajnp5 is faiiEy typn"-il f<ur a fix-tnnsjsior 
pup^rh^L. No etfact figure can be given since 1 he current drain tv ill 
vftfy fltiphdy with ajnbient temperature-. 

having the milliammeler connected and luniflg tu ei smuklul the 
OnlTcflt Jjaiu will be found to rise, reaeliiiig ft mftVtrflum. with 
ma^itnum position oF the volume control. The (Igipre fot average 
Uaitpmg level cau be checked against (hill giiVeci fnr ihe circuit 
although this rending has Little meaning. It is A functiuti of the 
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dicmt iiinifi circuits having a higher ^ufftnt drain. Ltmi 

cLhcft (m Chapter IE;—and of the Kiting of Lhe volume control. 
The ucKupuil current drain is significant only if il tss evasively high 
■—Indiculing the pmence of a short-circuit inside the - receiver;; or 
cictrtsavEly Jow—indicating the presence of a high-mi attire fault in 
the receiver circuit. 

A similar check to the abov£ can be made with art ohrttrtWter, 
disconnecting the battery and timplv using the meter to measure lhe 
local d.c. resistance of the dreuit wjien applied lo the bu ttery leads, 
If ihtR reading ii noted for a new riltuU ii can be compared with 
Inter reading vyltcu Fault finding, when a marked drop in resistance 
would indicate a short and a marked ioefcas* a high-rcslstance 
mEenml fault. 

The most useful 4.C, check which can be made on the co-mptele 
circuit is lo use a voltmeter to- measure the d.e, voltage ocfnas the 
emitter iesnstor of enth transditcr in lam. This should be within 
20 per cent either way-of volraji figures far the rircuil. Any variation 
in voltage aatside this JimiC wiEl indicate a Fault at Ehut paiticaUr 



Jig- *9 


stage. In the case of a new circuit whkh wmks satisfactorily bul 
for which no check voltages are given h Li nWiy bo useful to measure 
the iibovc dx, voltages and "keep them ft* a record and guide for 
future Servicing requirements. Note, however, dial the polarity of 
ImnsdsEof rtctivtfS are not necessarily She Mime (moit are positive 
earth or " i «rrtrneni F ,B but some are negative earth'). 

AuoLber most useful voltage check is Lhe t-nlEiifcfi across the- 
battery temfidili with the m switched on. This "lOM^ valLuge will 
indicate the cuudirttui of the battery. If less Ehon about five-sixths of 
the nominal vdwge of ihe battery, the buttery cm be reckoned as 
uceding replncrmpni- Jn isiakiog a battery’ ^oltag? check u is imt:or- 
EanE mil l hi* b t dona under load and afler im receiver has been 
switched on for a minute or so at least. A nearly Hat battery may 
Bhow a hagh voltage reading under load immediately after it is 
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switched mu, bait the vultui*e wilt then fall quite nuirkcdly dm 4 
while. In lhe case of a t:--*ri1 re-tapped battery, both Mv-l* iff the 
baitety should be checked fnr “Load" vet Lag* K£4UTfteiy. 

I lh d.c. vdln&e chevk Across the emiltur rttiator of «wh irun- 
m lor for equivalent dwell point as specified Oft the ■ h i ; 't;ln . j 
prtsvidet an almost compteEc check on tin-" d.c. ctifbMoifi and will 
show up such faalts ns component failures ut open-circuit ji-i is, 
and also Lhe stage at which Lhe fault Is present by 1 he wrong volE.i g* 
reading at IhaL stage. The fault can then be c j, peeled In be cunlmed 
to components m Ltus stage, which con be checked individually if 
the fault is noi apparent (eg. a broken printed circuit, short-ci trust 
between \m.l\% Jry-suldured jainl, etc. j. Ef individual resistors need 
cheeking, It is hu ■ l i« isolate the emu pc rua LI hi for test by un¬ 
soldering the eaiMKtkilt 41 one eii<L If this is rial readily possible 
o t vIl iruble ^.g. thm- aflrty hu :i number of component to tesi in 
die tlttjgje— the SI3|C tafiitotuT (and lhe stage; eu=t be isolated by 
urthuldcring the base Lead of iJk A heat sink shouW be. 

used in order Eo avoid heat dmn:^y in e!w ElumtUNT and ^>- ific 
base Jeud should he removed from live circuit. 

Capodlor faults will not show up on ;j d.c chcdi% urif r-e. lUv 
capacitor is short-ciretiited. In this case the fault will disappear (m 
far as d.c. voltage measurements nrc concerned|i at sooa ni Llw 
Faulty capacilnr is disconnected. By-pass capocit-on ran be checked 
For opcii-cireuii faults by temporarily shun Ling whh a t)-5 \*f 
capacitor. If this produeei on Increase in volume will] the set swilcbed 
uii, die origan jJ capacitor ls either faalty or or wrong value. The 
time-lionoured method of ■'fault-finding” with valve radios by 
nfiuntlpg vorioal vsclionB and eompcmcoli an a "'trial-ajnii-cn-or” 
hiisi;. Willi J tiLpjL-iior should mi, however, be apptiod Lu troiuidilor 
dreuits. TJili tan eaur* pirraiwiiiial damage m IrajisistofM 

Nprmiilly Uw IrrtfMBCOrv are unlikely tu he found faulty In a nan- 
uorking drtuJl, unl^ Ehev 1 haw hesjo subject eo 4 settee overload 
caused by, for esampie, (il changing (suipoiscttU with die reeciyej- 
switched on; (Hi> conrtodirtit lhe baitery thd wrtJPtt way round; 
fiLi 1 injoclang u htgh vdE^a ^cddcatallv into ihu areuii. A timsisEc-r 
fault may,. Il owerver, occur in n nvw Omuit owing lu he£a 1 diwnafe 
durbig moimlirig. If n transi^E^e fault * a KCUf% iift^r * period «f 
and eannol be traced to the abeve ii^rid^niaJ auuM* all clit: adjaxein 
components are also suspccl nod should he dHXkcd before fepiudng. 
the transistor with a new one, 

The jlc. working of the rvccivcr can mlf hu checked K^ijsfVictinjly 
hy signal rinjecliooi. Standard pflKeduft l» tc feed an iiudio-fre^nerany 
into Lhe audio sccdon of lhe Mpdvtr, sWfting ft on# thfi cwtpBE Strtje 
and working backwards towards the delecLor. If all ihi: Audm sc^gM 
work salisfaclorily lhe i.f. Ate umihirJy teateeL with the sigru] 

jcenemEor set to flu? mlefrripdiaiW FlwpiCflcy Enodulated with an 
audio-frequency. Finally ite nuli-ei-fh^HsEacy 1 itages can be tested 
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by injecting a nutirv-frisqntney signml modulated with an audits™ 
frequency. 

In other hmjp|h„ In Le*t the lc. working of uve complete receiver 
;ui appropriate »piMl it i ejects at each dw infurn, aiimtifi with 
ihc last *1 ;i bc ..nil working buck tn the from end. The Unity sugc will 
sJmv. .i|i as th# nisi cue which does nol produce any in«M« m the 
audiu-lVcquaicv output. or J&ItU no final mil put ol all. I hu ueecs- 
stiy |jt njl1 is immllv hest injected into Ihc Hte rtf the appropriate 
transistor (i.u. then particular atngc irunsistor), via n suitable 1HW* 
Lq send m emu re current drive. A suitable value of resistor i* Id 
kilabms. Having found the faulty stage it is then necessary to check 
I he components invoked, in (urn. in order to delcfuiinc the source 
of the fault, eg. it could Ik nothing mure than n iMllty couphrijj 

eupaalor. . * , 

The checking -sr circuits in this tnrninei depend' upon an ability 
in "read” ibc printed circuit in tenm of ihc aetunl pbyocal eemnev- 
linpi of the etimpoiusnls, determined by undying the theoretic ;i I nr 
circuit diagram In conjunction with the pltys.ie.il assembly, Iniuiilly 
Lhiti may prove a nomewhul ttdtom process, particularly Oft mi nurture 
focdvai due m ilte crowded assembly, but is basicnlly a straight¬ 
forward techmuu-c which ran icudilv be mastered with practice. A 
hiipiuwjrd aprrnsicb tu rault-fifiihng is seldom productive, and may 
inTuti even k*d lo addition^ damage. As a farther puJc. sonw 
typical faults, rautes and cures Jirc described under separate hcad.- 

lr “itemF* n^ie/r witched on. In. the case ol a newly 
compicied receiver this could be due to incorrect connectums. so a 
ebccK i >f the cireuii should be made. In the cimc of a receiver which 
hss previously been woe king satisfactorily, likely causes are; 

(l) Uauery completely dead—chock "on load 1 voltage, 

(nl Open circuit joint. 

(SB) Component failure. 
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In the case of fii) or Aft ih* fault may be d.e. or ax., and I he 
iipproptwle singe phmS faulty cintipciiwnl l-ap, he isolated by the 
rt&adarel methods of teeing prcvimlsJy described. 

There v. also the possibility Lhul the an-ofT switch may be faulty. 

Frn*rvcr operates intermit lent Sr, I’he usual cause is a dry joint or 
□n mlermiltciit connection It is often difficult to reproduce the fault 
exactly when requited for teslirtg nJihough if ■■ can be established 
how Lt can be imink'd—e.g. by pressing on a ceriain point ofthesel 
or panel—I he iMItte can usually be traced without ntuch. titrlher 
trouble. Other pOMtbk™is« are faulty bjLttcry conneclious or even 
a battery with an mionniltenl inLenud discrwinectiort; Ot a faulty 
on-LitT switch. 

frwiver fades tiflw c xhofi period of nrrptUflt. AlniL*s1 invarlahly 
diit, is. due to 3 low bill Kiy, After being on load for a short pciimJ ihc 
biilLcty voltage drops rijilst oET. The only cine is to change Ihe batiefy. 

KtHt: a sign of a failing b.utery is distortion «f Lhe signal tttdvrsj. 
If distortion is present with, a new hallcrv, howL-ve.r, this is due to 
cinniit limiULlons (see pipe* 29 and 100). DiMortihn can also muh 
from faulty alignment. 

£flir sensHiniy. If ibis occurv ^iil a new set of wUhhshed design, 
the mosl lilielv ciuisc is inconret alifemnent of 1 hr i f stages, or a 
fault cm the di-rial or oscilfator tinting eireuits. The hii tcr may stsn 
ueeur in use. sucti as a broken ferrite rod, poor aerial tonneccions, 
an aerial coil which Ilx» become displaCt-d on Lhe rod, bent vnates on a 
timing capacitor. IT the loss of anuitivity i> restricted to a part of 
ihc lulling range, the aerial circuit nnd the ganged coiKlenMir are 
inMTWdialcly suspect If these cbeck out iiu ult right, ihc self-uScil labng 
miser stage should be checked. 

In most circuits lhe cijeiliutor provide^ part of the working I'as 
for the r.:'. transistor. The voltage mettiuLtnent across the emitter 
resistor uf ihc mixer tmuiitor should be cymrured with thfl_cksiy.il 
figure with the receiver swirehcd on normal fy and ihen with riic 
oscLLlnUjrojil damped bv leinporarily connetliriK u L yF capndiuf 
across th'fl osoiUator tuned circuit. Ef the .: wilktor is work ns 
correctly iht-n: will be a diifen-iKe between the two vulsage readings, 
Note: Wheft connecting nr disconnecting a lempurary component 
into the ciivuit for test purposes, ,fie rnrf*er .imruM nfiinw or 
witched o}f, Failure to loLlo* such a praraulmft can res nil in 
permanent damage ic iransiMnT*. 

Reefer Hmm in one simian «nfv ate/ iriMir ran^e, Tlie bull in 
ihi, cbv is most likely le. be a the srir^^iIlaiaflg mixer singe, 
which should b* checked through.. a . . _ . . H . , . 

fief liver howls or v-udilatcs- HiLs is caused by i.f. msLabiUly notl i* 
most likely to be due to n defeciive coupling capaciLor. * deUtEiw 
1 'iLii[mljy.iiic cchnifiLjraeitl cm live 1_n&nsjstc -1 r, £>r even iv ii^uhy i « 

[fansistor LTr , . aj 

jfe'cvjWr fLo^-rrapam^y LDitnhlity). Thi% y* a. rami 
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rwlrictLKj bo the audio sl.iyi.-s j,jiJ is most likely 10 be caused by rt 
faulty audio decoupling Gnpiicitoi. 

Hijfh background noi.tc Thus is usually due to u pror or 

faulty irni-jsi.ior, in which C**t it will cfLen bs nvoiced with low 
iLsiiL The outse is a bigh-Jeiik;Lge current to one (or mare) inssfr 
toifs), Thil may he un initial fauh af the tinnarsrni (he. a sub¬ 
standard component), or have been caused by heal damage to the 
transistor when sidjcring into tcircuit- The unly t iro in such 
u ease is tn find and replace llw ftully (lunststar. 

fjicfc of vahme. Un u new cirruit ihiu is almost ceriaiilly due to 
incorrect alignment. For optimum remit* it is necessary m Tollnw 
lh c .nlipunenl technique KpecLfiDd for n particular dreuil ns llii* my 
diETcr in detail widt dm rent circuit daw pm. Concentrating On 
improvement in gain when aligning, however. c-in lead to loss nf 
other dCSitiMc charac Ifratio, t-fi- an Increase ifl distortion and loss 
of response. Alignment must conaentmle un establishing an 
optimum udiusimeni between all desired characteristics. 

Lack of volume will also remit frnm a poor trtindm'i# isee above), 
or low bntlerv voltage. In the latter case loss of v«il«rctt will be 
accompanied by Increasing distortion. 

Distortion. If the set has previously h«n working satisfactorily 
hut distortion Hibsequendv sets in, lfie caiuse » almost certainly a 
falling battery toIiihjc=. The battery voltage should be cheeked on 
load, and the battery replaced il the yplutge has fallen below 
frrwfeths oFLts nominal voltage, i.u. a ^-v.ilt battery should be 
replnced when its on load voltage laHti twin* 5/6 -.9— 7-5 voll:,, 
EJirtcirtlofi in a new sel <* ill probably be c*u<#d hy a misraflldi in 
gain, whefe the circuit employs a push-pull output In other words l .he 
two [ranrbtors employed in the push-pull circuit ufc nut a matched 
pair. In sncll a caw both traittislori will have to he replaced by n 
matched pair, Nale that this also appliea, in the CMC where one of the 
output tmnsiMwrs develops a Gtlilr- i.e. both trnnNStorfl. wtMitd hove 
to be Teplnced with a matched pair. 

Cimuit fnults which can cause distortion includ-e Ml a faulty 
iiuilio-cwupliiig capacitor and (ii| a fault in the autonwlic gain 
control producing overloading of llw auJia singes. In esse fd) the 
fault will show up tin strung signal only. 

Distortion cun ulwi be produced hy a design fault, e.g. cpossoi'ct 
distortion due to incorrect values of the Inns resislurs oil the output 
stage. Id this enve the fault mav be rectified by finding * more 
suitable value for one of the resistor* by trial and error (tee Chapter 

^jhuriiforjWl]. Transistor faults artf relatively uncommon, but 
the mare usual caused and effects are; 

{El Heat damage during assembly -which can lend w a luglt- 
leaia’ge current. Sc^s of gain. and a noisy receiver. In eturemis eases 
ibe transistor may bt destroyed n nd rtCrt work at nit. 


TESTINa AND ALUJNMFNf TECHNIQUE! I&l 

|i]| An itpeiMhreuiisd junction caused by a heavy overload, in 
which case 'he transistor will not wuelt at nil- 
tin) A dtiifc-ciiruLtedl junction caused by a turit-voltugc surge. 
This ts u fault which can readily tw induced by working Cm a pruuii 
with the curnrtll switched oh, and in pUtiiejlar hy ranuvmg or 
ftfiljuinc tn the risiuil with the CiifTMJl □■^ilchei:l oil- 

A fa uhy u^nsisc^r in imy iUics ^'113 nonriaLly Scad, tn Bow ^ h| - 
vivily and gain. A faulty trmsjtsst an the iJ sUL^ch wiJ3 LeiLd to 
howling. A Fauliy ifiinniitor in the uu^llo stage m\\ kad cc- dislorLlmi. 
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